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PEPTroES AND PEPTroOMIMETIC COMPOUNDS AFFECTING 
THE ACTIVITY OF G-PROTEIN-COUPLED RECEPTORS 
BY ALTERING RECEPTOR OLIGOMERIZATION 

FIELD OF THE INVENTION 

The pi-esent invention relates to novel peptides and/or peptidomimetic compounds, methods 
for generating such compounds, and the use of such compounds to affect receptor 
oligomerization of G protein-coupled receptors that foim mtiltimeric associations for activity. 

BACKGROUND OF THE INVENTION 

The class of receptors known as G protein-linked receptors (GPCRs) are typically 
characterized by a 7-helix organization, whereby the receptor protein is believed to traverse 
the membrane seven times. GPCRs shaie a common signalling mechanism, whereby signal 
transduction across the membrane involves intracellular transducer elements known as G 
proteins. When a chemical messenger binds to a specific site on the extracellular surface of 
the receptor, the conformation of the receptor changes so that it can interact with and activate 
a G protein. This causes a molecule, guanosine diphosphate (GDP), that is bound to the 
surface of the G protein, to be replaced by another molecule, guanosine triphosphate (GTP), 
triggering another conformational change in the G protein* When GTP is bound to its 
surface, the G protein regulates the activity of an effeaor These effectors include enzymes 
such as adenylyl cyclase and phospholipase C, channels that are specific for calcium ions 
(Ca^*), potassium ions (K*), or sodium ions (Na*) and certain transport proteins. 

In general, activation of GPCRs by transmitters will induce one or another of the following 
effector responses: activation of adenylyl cyclase, inhibition of adenylyl cyclase or stimulation 
of phospholipase C activity. When the efiFector adenylyl cyclase is either activated or inhibited 
it produces changes in the concentration of the molecule cyclic adenosine monophosphate 
(cAMP). Another effector, phospholipase C, causes one molecule of phosphatkiylinositol- 
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bisphosphate (PIPj) to be cleaved into one molecule each of inositol triphosphate (IP,) and 
diacylglycerol (DAG): IP, then causes calcium ions (Ca**) to be released into the cytoplasm. 
Alterations in cellular levels of c AMP and Ca»* axe two of the most important intraceUular 
messages that in turn act to alter the behaviour of other target proteins in the cell 

GPCRs may be classified according to the type of signalling pathway they activate in cells. 
This occurs at the level of the G proteins, which delect and direct signals from diverse 
receptors to the appropriate effector-response padiway. The three main groups of G proteins 
are: Gs-like, which mediate adenylyl cyclase activation; Gi-Iike, which mediate inhibition of 
adenylyl cyclase; and Gq-like, which mediate activation of phosphoplipase C. Since one 
receptor can activate many G proteins, the signal can be greatly amplified through this signal 
transduction pathway. 

A wide variety of chemical messengers involved in regulating key functions in the body act 
15 through GPCRs. These include neurotransmitters such as dopamine, acetylcholine and 

serotonin, hormones of the endocrine system such as somatostatin, glucagon and 
adrenocorticotropin, lipid mediators such as prostaglandins and leukotrienes and 
immunomodulatory proteins such as intisrleukin-8 and monocyte-chemoattractant 
polypeptide. The femfly of GPCRs also inchides the receptors for Ught (rhodopsin), for odors 
20 (olfactory receptors) and for taste (gustatory receptors). Over one hundred different G 

protein-coupled receptors have been Mentified in humans, and many more are expected to be 
discovered. AU or most of these receptors are beUeved to utilize one of the three principal 
G protein-effector signalling pathways (stimulation or inhibition of adenylyl cyclase or 
activation of phospholipase C). 

25 
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ExamDlcs of G Protein-Coupled Neurotransmitter Receptors 



Inhibits AC Stimulates AC Stimulates PLC Neurotransmitter 

5' m,, m4. mi, m,. Acetylcholine 

A, Adenosine 

CRF-R Corticoiropin-Releasing Factor 

^ Cannabinoids 

Dj Dj, D5 Dopamine 

10 H2 Histamine 

YpYj,Y3 Neuropeptide Y 

P^-AR Pi'AR P r AR Norepinephrine, epinephrine 

ji, 6, K K Opioids 

5-HT,^.5-HT,B 5-HT4 5-HT2 Serotonin 



15 5-HT, 



25 



ID 



GPCRs arc believed to function as monomeric units. Diagrams and text describe the majority of 
members within this class of receptors as singular units, generally spanning the membrane seven 
20 membrane times (For eg. see: descriptions of the muscarinic receptor in Basic Neurochemistry, fifth 
edition, eds: Siegel et al; Raven Press: N,Y.;254.259. 1994). However, it must be noted that there 
arc some GPCRs that are not members of the seven membrane spanning family. For example, the 
receptor for insulin-like growth factor n that directly activates Gj.^, has only a single membrane 
spanning domain. 



In spite of the fact that higher molecular weight species have been previously obser\'ed for several 
GPCRs, these species have largely been referred to as non-specific aggregates (Vasudevan, S., et al., 
Eur. J. Biochem. 227:466-475, 1995). Several studies, including photoaffinity labelling (Avissar, S., 
et aL, Proc. NatL Acad ScL VSA\ 80:156-159, 1983). radiation inactivation (Venter, J.C. and Fraser, 
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CM.. Trends Pharmacol. ScL, 4:256-258, 1983). cross-linking (Herberg, J.T., et aL. J. Biol. Chem., 
259:9285-9294. 1985). and hydrodynamic analyses (Peterson, G.L., et al.. Biochemistry 25:3189- 
3202, 1986) have produced evidence suggesting cooperativity in binding of agonists to GPCRs. 
suggesting that diey may be part of an oUgomeric array (Avissar. S.. et al., supra). However, a clear 
physical demonstration that GPCRs can indeed interact as dimers and that such interactions may have 
functional consequences has not been reported. 

It is important to note the distinction between obsei-vations that higher molecular weight species 
(representing oHgoraeric arrays) have been observed and demonstration that these associations 
actually play a role in functional activity: the latter being considerably more difficult to substantiate 
and quantitate than the former. Yet, essential to the observation of enzyme regulation by reversible 
dissociation is the observation tiiat different molecular weight species have different rates of catalytic 
activity. 

The human Pj adrenergic receptor has been used as a model to illustrate the common structural 
features shared by members of the GPCR family (Kobilka. G., Aimu Rev. NeuroscL. 15:87-114. 
1992). Evidence from biochemical (Dohlman et aL. J. Biol. Chem., 262:14282-14288. 1987) and 
immunologic studies of the topology of the p, adrenergic receptor (Wang et aL J. Biol. Chem, 264: 
14424-14431, 1989) supports the model that most GPCRs comprise seven membrane spanning 
domains. 

In view of the diverse functions of GPCRs in the human body, it is not surprising Uiat the 
pharmaceutical sector has great interest in the development of new drugs which target GPCRs for 
potential therapeutic appUcations in a wide range of human pathologies, including psychiatric 
disorders (depression, psychoses, bipolar disorder), metabolic disorders (diabetes, obesity, anorexia 
nervosa), cancer, autoimmune disorders, cardiovascular dUorders, neurodegenerative disoixlers (eg. 
Alzheimer's disease) and pain disorders. 

Such drugs may be classified into two types: 1) agonists, which mimic the action of natural 
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transmitter by provoking activation of G protein-effector signalling pathways when they bind to the 
transmitter site; and 2) competitive antagonists, which block the binding of the transmitter by 
occupying the transmitter binding site but do not themselves activate G protein-effector pathways. 
A useful analogy is that of a lock and key, whereby agonists are different keys which aie able to open 
the same receptor lock, whereas antagonists will block the key-hole but will not open the lock. In 
a more general view, compounds which can bind to a specific region of the receptor are called 
ligands: agonists and antagonists are ligands which bind to the transmitter recognition site on the 
receptor. 

Analysis of the effects of ligands on the ability of G protein-coupled receptors to activate signalling 
pathways has suggested that the receptors exist in two forms or conformations, an 'inactive' 
conformation which is silent and an 'active' conformation which triggers G protein activation and 
effector signalling (Gilman, A.G., 1987, Annu. Rev, Biochem. 56: 615-649; Lcvitski, A., 1988, 
Science 241:800-806). Generally, ligands that can cause the receptor to assume .the active 
conformation turn on signalling and are thus agonists. These compounds, at maximally effective 
concentrations, can elicit a fiill or partial response, and are termed fiiU and partial agonists, 
respectively. Ligands that block or otherwise interfere with the interaction of agonists with the 
receptor, and thereby prevent agonists from activating the receptor, are known as competitive 
antagonists. These compounds are generally thought to act by binding to the transmitter site, but to 
possess no intrinsic activity themselves (i.e. they do not turn on the signalling function of the 
receptor.) Studies have shown that competitive antagonists can be further categorized into two 
classes, 'neutral antagonists' which block agonist binding but have no effect on signalling, and 'inverse 
agonists* (also known as negative antagonists) whk:h can inhibit the 'background* or basal level of 
signalling displayed by receptors in the absence of agonists. 

This evidence has led to a model in which active and inactive receptors co-exist in the cell in 
equilibrium, with agonists pushing the equilibrium to the active form, inverse agonists pushing it to 
the inactive form, and neutral antagonists blocking the chemical messenger site while not favoring 
either conformation. 
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The background information is provided for the purpose of making known information beUeved by 
the appUcant to be of possible relevance to the present invention. No admission is necessarily 
intended, nor shoukl be construed, that any of the preceding information constitutes prior art against 
the present invention. Moreover. pubUcations referred to in the following discussion are hereby 
incorporated by reference in their entireties in this application. 



SUMMARY OF THE INVENTION 



The present invention resides in the discovery that novel peptide compounds modelled on the 
transmembrane region of GPCRs can selectively modulate the function of such receptors by affecting 
the ratio of receptor monomer to multimeric forms (homo-meric or hetero-meric). Specifically, the 
present invention relates to novel short peptides of a preferred length of up to about 15 - 20 amino 
acki residues, or peptidomimetic compounds, modeled on transmembrane domains of GPCRs which 
15 form oligomers (eg. dimers) for activity tiiat can be used to selectively affect activities of GPCRs. 
A woridng example is provided, based on residues 276 - 296 of the P,-adrenergic receptor, wherein 
the peptide inhibits agonist promoted stimulation of adenylyl cyclase activity. These results are 
completely unexpected in view. of the fact that receptor aggregation is not considered to relate to 
activity of GPCRs. 



The present invention also provides for novel peptides modeUed on the transmembrane region of 
GPCRs that can selectively modulate the function of such receptors by affecting the ratio of receptor 
monomer to multimeric forms (homo-meric or hetero-meric) that can. be greater than 20 amino acid 
residues but less than 50 amino acid residues. 

The present invention also provides one skilled in Uie art with the ability to model a transmembrane 
domain of GPCRs which form multimers for activity in order to generate novel peptides or 
peptidomimetic compounds that selectively affect receptor oUgomerization (eg. dimerization), thereby 
selectively affecting receptor function. 
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The peptides and peptidomimetic compounds of this invention may be utilized in compositions and 
methods for specifically controlling certain GPCR activities. The invention also involves a process 
for affecting GPCR activity in mammals which comprises: administering to a subject an effective 
amount of the novel compound to affect GPCR activity. 

A further embodiment involves a phannaccutical prepai-ation for treating disease and psychoses which 
comprises administering a phannaceutically effective amount of the novel peptide or peptidomimetic 
compounds with a suitable pharmaceutical carrier sufficient to affect GPCR. 

Another aspect of this invention involves generating peptides and peptidomimetic compounds that 
are useful for in vitro and in vivo studies of GPCRs. 

Due to the fact that the compounds of the present invention may be prepared by chemical synthesis 
techniques, commercially feasible amounts may be produced inexpensively. Moreover, because the 
compounds of the present invention arc relatively small and may be peptidergic in nature, they are less 
likely to stimulate an undesirable immune response in patients treated with them. 

nnmv DESCRIPTION OF THR DRAWINGS 

While the specification concludes with claims particularly pointing out and distinctly claiming the 
subject matter rcganled as forming the present invention, it is believed that the invention will be better 
understood torn the following preferred embodiments of the invention taken in connection with the 
accompanying drawings in which: 

Figure 1 shows immuloblotting of human pjAR expressed in Sf9 cells. Crude membrane preparations 
(lane D. digitonin-solubOized membrane proteins (lane 2) and affinity purified receptors (lane 3) 
derived from Sf9 cells expressing either c-myc tagged (lane 3) or HA-tagged (lanes 1 and 2) p ,AR 
were immunoblotted foUowing SDS-PAGE using the appropriate antibody (9E10 and 12CA5. 
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respectively). The blots reveal immunoreactive bands co.T.:sponding to the expected monomeric form 
(43-50kDa) as well as a higher molecular weight species (85-95 kDa). The right panel illustrates 
immunoblots of crude membrane preparations derivcd.from Sf9 ceUs expressing HA-tagged p,AR 
treated (lane 5) or not (lane 4) with the membrane-permeant photoactivatible crossUnker BASED. 
Position of receptor bands are denoted by arrows and molecular weight markets are as shown. 

Figure 2 shows effects of various peptides and p,AR ligands on receptor dimerization. Co- 
immunoprecipitation of bearing two different immunological tags. Unes 1 and 2: c-»,vc (lane 

1) or anti-HA (lane 2) mAbs. The two immunoprecipitates were then immunoblotted with the anti- 
HAmAb. Thcoccuirence of dimerization between the HA- and c-myc-tagged receptors is revealed 
by the foct that the HA-tagged p,AR is co-immunoprecipitated with the c-mvc tagged receptor by 
the anti-cmyc mAb (lane 1). Lanes 3 and 4: cmyc tagged p,AR was expressed in Sf9 cells and 
immunoprecipitated with anti-c-mvc mAb. The immunoprecipitates were then immunoblotted with 
either anti-HA (lane 3) or anti-c-myc or anU-c-mj-c (lane 4) mAbs. Lanes 5 and 6: HA-tagged p,AR 
was expressed in Sf9 cells, immunoprecipitated with anti-HA mAb and then immunoblotted with 
either anti-c-myc (lane 5) or anti-HA (lane 6) mAbs. These controls demonstrate the specificity of 
each antibody towards their respective targets. Lane 7 and 8: HA-tagged p,AR and c-myc tagged 
M2 muscaiinic receptors were co-expressed in Sf9 cells, immunoprecipitated with either anti-HA 
(lane 7) or anti-c-/»iyc (lane 8) mAbs. Immunoblotting with the anti-c-myc mAb did not reveal the 
presence of a P,ARA12 muscarinic receptor heterodimer (bne 8). Results shown are representative 
of three separate experiments. 



Figure 3 demonstrates Immunoblotting of V2- vasopressin receptors (V2-R) expressed in COS-7 cells. 
Crude membrane preparations from COS-7 cells transiently transfected with c-myc tagged V2-R (lane 
25 1) or c-myc tagged V2-R truncation mutant ol I (lane 2) were immunoblotted with the anti-c.m>'C 
mAb. The molecular weight markets are as shown. Square brackets highlight the dimeric species 
of both wiMtype and 0-1 1 V2 vasopressin receptors while asterisks denote the monomeric species. 
Data are representative of three independent experiments. 
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Figure 4 shows effects of various peptides oh receptor dimerization. A. Time course of the effect 
of the TM VI peptide on p^AR dimerization. Membranes derived from Sf9 cells expressing pjAR 
were treated at room temperature with TM VI peptide [residues 276-296: NH,- 
GIIMGTFTLCWLPFFIVNIVH-COOH] at a concentration of 0.15 pg/jiL for 0 (lane 1). 15 (lane 2). 
5- 20 (lane 3) or 30 minutes (lane 4). Membranes were tlten subjected to SDS-PAGE. transferred to 
nitrocellulo.se and immunoblotted with the anti-c-m>'c antibody. A representative immunoblot is 
shown. B, Densitometric analyses of three experiments similar to that shown in the Figure 4a 
demonstrating the effects of treatment for 30 minutes with either vehicle (CON, lane 1). TM VI 
peptide (TM VL lane 2) TM VI-Ala [NH,- AIIMATFTACWLPFFIVNIVH-COOH] (TM VI-Ala, 
10 lane 3). or D2 dopamine receptor TM VII peptide (residues 407-426 NH,- 
YIIPNVASNVYGLWTFASYL-COOH) (D2 TM VH. lane 4). All peptides were used at a 
concentration of 0.15 pg/pL. The relative intensity of the dimer is expressed as percent of total 
receptor (monomer + dimer) immunoreactivity. Data shown are mean +/- SEM (n=3). >- 

15 Figure's demonstrates, in A, effects of increasing concentrations of TM VI peptide on the amount 
of p,AR dimer. Increasing concentrauonis (0-6.3 mM) of the peptide were added to purified c-nryc 
tagged piAR and the amount of dimer assessed by immunoblotting using the anti c-myc mAb (lanes 
1-8). In lanes 9 and 10 purified p,AR was treated (lane 10) or not (lane 9) with the D2 TM VII 
peptide. The data shown are representative of three distinct experiments. Other control peptides 

20 used to determine the selectivity of the efBsct observed with the TM VI peptide included one derived 
from the C-terminal taU of the p,AR (residues 347-358 NH,-LKAYGNGYSSNG-COOH] or an 
additional control peptide unrelated to the p,AR but of similar size as the TM VI peptide [NHj- 
SIQHLSTGHDHDDVDVGEQCJ-COOH] were also found to be without effect on the amount of 
dimer (data not shown). B, Densitometric analyses of three experiments similar to that shown in B. 

25 The relative intensity of the dimer is expressed as percisnt of total receptor (monomer + dimer) 
immunoreactivity. Inset shows superimposed densitometric scans of immunoblotted receptors which 
were previously treated with increasing concentrations of the TM VI peptide. The monomer is 
denoted by M while the dimeric species is marked by D. The concentration of peptide added for the 
curves shovm was: none ( ), 0.07 mM (--...—). 0.05 mM (- -). and 1.25 mM ( ). 
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Figure 6 demonstrates effects of TM VI peptide on p,AR stimulated adcnylyl cyclase activity in SB 
cells. A. Membrane preparations derived from p,AR expressing Sf9 cells were either not treated 
(open circles), or treated with TM VI peptide (closed squares), control peptide TM VI Ala (closed 
circles), or second control peptide from TM VII of the D2 dopamine receptor (open trianales). 
Isoproterenol stimulated adenylyl cyclase activity was then assessed for these membranes. Data are 
expressed relative to the maximal stimulation obtained with the untreated membranes and represent 
mean +/- SEM for 8 independent experiments. Peptides were used at a concentration of 0.15 Mg/nL 
B. Efifects of TM VI peptide (hatched bars) or vehicle alone (open bars) on basal (n = 13). maximal 
isoproterenol-stimulated (JSO, n = 13). forskolin-mediated (FSK. n = 13) and NaF-stimulated (n 
= 6) adenylyl cyclase activity was investigated. Data are expressed as pmol cAMP produced per mg 
membrane protein per minute +/- SEM. Statistical significance of the difference are indicated by a^ 
asrerisk and represem a p<0.05 as assessed by a non-paired student's t-tesi. None of the control 
peptides discussed in figure 2 had effects on adenylyl cyclase stimulation in P,AR expressing cells nor 
did any of the peptides have effects on adenylyl cyclase stimulation in Sf9 cells which were infected 
with the wUdtype baculovirus (data not shown). C, Effects of increasing concentrations of peptide 
on isoproterenol and dopamine stimulated adenylyl cyclase activity were also investigated. 
Membranes were prepared ftom Sf9 cells expressing either the human p,AR (open circles) or the 
human Dl dopamine receptor (closed circles). Adenylyl cyclase activity was measured using 
maximaUy stimulating concentrations of either isoproterenol (lO*^ M) or dopamine (10- M) in thi 
presence of peptide concentrations ranging from ID"* to lO"* M. Data were analyzed by non-linear 
least squares regression using SigmaPlot (Jandel Scientific). The data are expressed as the mean +/- 
SEM (n = 3). 

Figure 7 shows effects of p,AR Ugands on receptor dimerization. A, Time course of the effect of 
1 m isoproterenol on p,AR dimerization. Membranes derived from Sf9 cells expressing the c-myc 
p,AR were treated at room temperature with 1 pM isoproterenol for 0 (lane 1). 15 (lane 2). 20 (lane 
3) or 30 minutes (lane 4). Membranes were then subjected to SDS-PAGE. transferred to 
hitroceUulose and immunoblotted with the anti-c-myc antibody. A representative immunoblot is 
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shown. B, Densitomeiric analyses of three experiments where membranes from Sf9 ceUs expressing 
the p,AR were treated for 30 minutes at room temperature with either vehicle (CON), 1 pM 
isoproterenol (ISO), 10 jiM timolol (TIM), TM VI peptide at a concentration of 0.15 pg/pL (TM 
VI). or isoproterenol followed by 30 minutes with Tm VI peptide (ISO/PEP). The TM VI data (lane 
4) is repi-oduced from Figure 4b for comparison. The relative intensity of the dimer is expressed as 
percent of total receptor (monomer + dimer) immunoreactivity. Data shown aie mean +/- SEM 
(n=3). 

Figure 8 depicts effects of TM VI peptide on pjAR expressed in mammalian cells. A. Effect of 0. 15 
ug/ul TM VI peptide (hatched bars) or vehicle (open bars) on basal (n=2). maximal isoproierenol- 
stimulated (ISO. n=2) forskolin-mediatcd (FSK. n=2) and NaF-stimulated (NaF. n=2) adenylyl 
cyclase activity in CHW cells expressing 5 pmol p,ARymg protein. Data arc expressed as pihol 
cAMP produced per mg membrane protein per minute ± SEM. StatUtical significance of the 
difference are indicated b an asterisk and represent a p<0.05 as assessed by a non-paired student's t- 
test. Membranes were treated with either vhicle (lane 1) or the TM VI peptide at a concentration of 
0.15 ug/ul (lane 2) for 30 minutes at room temperature. Membranes fi om untransfected CHW cells 
had nJ detectable receptors (data not shown). B, Effects of TM VI peptide on P,AR stimulated 
adenylyl cyclase activity in mouse Ltk* cells. Membranes were prepared from Ltk" cells stably 
expressing 200 fmol of human p,AR/mg membrane protein. Isoprotcrenol-stimulated adenylyl 
cyclase activity was then assessed in membranes treated with vehicle (open circles). TM VI peptide 
(closed squares), control peptide TM VI Ala (closed ciirles). or Uw D2 TTvl VH control peptide (open 
triangles). Dau are expressed relative to the maximal stimulation obtained with vehicle treated 
membranes and represent mean ± SEM for 3 independent experiments. Peptides were used at a 
concentration of 0.15 ug/ul. 

Figure 9 demonstrates sequence data collated from numerous published anicles oriented to compare 
the peptide sequences of the putative TM VI regions of twenty-seven GPCRs. While hydropathy 
analysis may yiekl results of uncertain reliability when identifying the TM VI and TM VII domains 
of particular groups of GPCR. sequence analysis can identify the "GGL motif." corresponding to TM 
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VI, with greater cenainty. 

DETAILED DESCRTPTTni M pp THE TNVITNTTniu 

5 The foUowing common abbreviations a.-e used throughout the specification and in the claims: 
The abbreviation, IP is inositol phosphate. 

The abbreviation BASED is bis [P-(4 azidosalicylamindo) ethyl] disulphide; 
The abbreviation, 5-HT is 5-hydroxytryptamine. 

The abbreviation, DOI is 2,5-dimethoxy-4-iodoainphetamine hydrobromide. 
10 The abbreviation, PBS is phosphate buffered saline. 
The abbreviation, pjAR is pj-adrenergic receptor. 

The abbreviation. GPCR is G protein-coupled receptor 
The abbreviation, GpA is glycophorin A. 
The abbreviation, HA is influenza hemagglutinin. 
15 The abbreviation TM VI is transmembrane domain 6. 

The abbreviation, NDI is nephrogenic diabetes insipidus. 

Oiphan receptors are receptors for which the natural ligands and/or biological function are uncertain 
or unknown. 



20 



25 



The term "any amino acid" as used herein includes the L-isomers and D-isomei. of the naturaUy 
occurring amino acids, as weU as other "non-protein" a-amino acids commonly utilized by those in 
the peptide chemistry arts when preparing synthetic analogues of naturaUy occurring peptides. The 
naturafly occurring amino acids are glycine, alanine, valine, leucine, isoleucinc. serine, methionine, 
threonine, phenylalanine, tyrosine, tryptophan, cysteine, proline, histidine. aspartic acid, asparagine, 
glutamic add. glutamine, Y-carboxyglutamic acid, arginine. ornithine and lysine. Examples of "non- 
protein" -amino acids include norleucine, norvaline. aUoisoleucine. homoarginine. thioproline. 
dehydroproline. hydroxyproline (Hyp), isonipecotic acid (Inp), homoscrinc, cyclohexylglj^ine (Chg), 
-amino-n-butyric acid (Aba), cyclohexylalanine (Cha), aminophenylgutyric acid (Pba). phenylalanines 
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substituted at the onho. meta, or para position of the phenyl moiety with one or two of the foUowing: 
a (C.-Cj) alkyl, a (€,-€4) alkoxy, halogen or nitro groups or substitute with a methylenedioxy group, 
p.2- and 3-thicnylalanine, p-2- and 3-furanylalanine. P-2-. and 3- and 4-pyridylalanine. P- 
(benzothienyl-2. and 3-yl)aIanine, p-(l- and 2-napthyl)alanine, 0-aIkylated derivatives of serine, 
5- threonine or tyi-osine, S-alkylated cysteine, S-alkylatcd homocysteine. 0-sulfate. O- phosphate and 
0-cai boxylaie esters of tyrosine, 3-sultb-tyrosinc, 3-cart)oxy-tyrosine, 3-phospho-tyrosine, 4-methane 
sulfonic acid ester of tyrosine, 4-methane phosphonic acid ester of tyrosine. 3.5-duodotyrosine, 3- 
niirotyrosine, e-alkyl lysine, delia-alkyi ornithine, and the e-isomers of any of the above amino 
ackJs. Unless specificaUy indicated, aU amino acids referred to in this appUcation are in the L-form. 
10 The term "positively charged amino acid" as used in this application includes any naturaUy occurring 
or non-naiurally occuiring amino acid having a positively charged side chain. Examples of positively 
charged amino acids are arginine, lysine, histidine. homoarginine, ornithine and delta-alkyl ornithine. 

The term "amino acid containing an aryl side chain" as used herein means any amino acid having an 
15 aromatic group. Tyiosine, phenylalanine, tryptophan, 0-sulfate esters of tyrosine and 5-nitrotyrosine 
exemplify such amino acids. 

The term "polar amino acid" means any.amino acid having an uncharged side chain which is relatively 
soluble in water. Examples include glutamine. asparaginc, glycine, serine, hydroxyproline and 
20 homoserine. 

The term "hydrophobic amino acid" means any amino acid having an uncharged side chain which is 
relatively insoluble in water. This group includes leucine, valine, tryptophan, norleucine, norvaline. 
aUoisoleucine. thioproline. dehydroproline, cyclohexylalanine and cyclohexylglycine. 



25 



The term "patient" as used in this appUcation refers to any mammal, especially humans. 

The term "backbone chain" as used herein, refers to the portion of a chemical structure that defines 
the smallest number of consecutive bonds that can be traced from one end of that chemical structure 
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to the other. The atomic components that make up a backbone chain may comprise any atoms that 
are capable of forming bonds with at least two other atoms. 

The term "peptide-tead" as used herein, refers to the undervitized peptide that is modelled on one of 
the tran.smcmbrane domains in the first step of the design of the compounds of this invention. 
Examples of peptide-leads are listed in Example III. 

The tenn "parem GPCR" as used herein, refers to the GPCR from which the peptide-lead is derived. 
Molecules of this invention are designed using the peptide-lead as the model for GPCR-peptides that 
are selectively inhibitory towards the parent GPCR or closely related receptors. 



The term "GPCR-peptide" as used herein, refers to peptides, modified or unmodified, which have 
been designed and synthesized according to the methods of this invention, that can be used to 
selectively prevem or disrupt functional aggregation of GPCR's which form mulUmers (eg. dimers) 
15 for activity. 

The term "oUgomeric GPCR" refers to G protein<oupled receptors that form oligomers (eg. dimers) 
and that such interactions have functional consequences. OUgomei^ can be homo-multimeric or 
hetero-multimeric. 



The terms 'selective inhibition" and "selectively inhibits" as used herein, refers to the ability of the 
peptide to inhibit the actions of a species of GPCR and/or closely related receptors without affecting 
the activity of other non-related species of receptors to any significant extent. Significam extent 
means there must be at least a 10-fold magnitude difference in inhibitory activities between the parem 
25 receptor and other types of receptors. 

The present invention relates to novel peptides and/or peptidomimeiic compounds that are modeled 
on the transmembrane region of GPCRs. The peptides and peptidoraimetic molecules of this 
invention selectively bind to the GPCR from which Uwy were designed. This property allows the 
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molecules of this invention to affect those activities of the GPCR that arc niediated through this 
receptor. 

Applicant has discovered that peptides corresponding to residues 276-296, residing in the 6th 
transmembrane region of the P ^-adrenergic receptor, selectively inhibit agonist promoted stimulation 
of adenylyl cyclase activity. Applicant believes that this peptide forms structural complimentarity with 
the receptor from which it was derived, preventing the receptor from interacting with the molecules 
nccessaiy to eftcct its activities. Peptides and otter molecules which comprise such features will bind 
to the receptor from which the peptide was derived and affect its activation in vivo and in vitro. 
These peptides and other molecules, as well as compositions and methods which employ them, make 
up the present invention. 

According to one embodiment, the GPCR-peptidcs of the present invention are characterized by 
complimentarity to one of the transmembrane domains of the parent receptor. Preferably, that region 
is modelled on one of the transmembrane domains. The GPCR-peptides of this invention are funher 
characterized by: (1) the ability to affect (positively or negatively) the activity of the parent GPCR 
and possibly closely related receptors, and (2) the inability to significantly affect other types of 
receptors (i.e, otter receptors can te inhibited if there is a 10-fold magnitude difference in activities) 

Determination of Candidate Transmembrane Sequences (TMS) 

Each transmembrane sequence provides a potential model for a peptide-lead which wiB te used to 
design peptides or peptidiomimetic compounds that could function to disrupt or prevent functional 
aggregation of the same GPCR (parcnt-GPCR) and possibly closely related receptors. Thus, the fu^t 
step is to identify the transmembrane domain of the receptor of interest. There are a numter of 
techniques well known in the art available for determining transmembrane regions of the GPCR. 
These include hydropathy plots to identify tte hydrophobic segments. Tte secondary structure can 
also be analyzed to identify alpha-telix structures. Tliis information can te used in combination with 
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0. gcncnl ™„ CPCR. a« o.,^^ to a « .War .o bac^riorhodopsin. which ha. 
Shown ,0 pos«.s „a:^„^ ^^^.^^^ .^^^^ ^^^^^ ^ 

softwa. packages „m au,omaUcaiiy gc„.n,« a ^„,^ ^^^„, J 

Of ammo acid sequences of GPCRs. 

Sa« GPCRs of*. Mhodopsh, „,a«<i suhfamUy sha„ a „„™hcr of fea.u^ co™™„„ ,o aU 
mcmhc o, « cta. 0« of ,hcse fea.u^ is a» p„sehc. of „c„™. pa,„™s i„ .heir am^o acid 
sc,«,«:e. Each .nmsmembnu« do»in (TO) caa b. characttri^d by a rcc„rrin= pa,«„, ,ha, is 
«ni,„c for du. ™. T*c a,ig™«„. of d„ TMs is U.r.,o. based o„ rccnrru., pa.«r„s rather ,ha„ 
on homotogy alone. For e«,™pK i„ a preferred .nbodin„„, s„ch as p^med in Example ni Ux= 
patterns used were: 



TMl:GXXXNorGN 

TM2: LXXXDXXXXXXXP or LXXXDXXXXXXXXP 
15 TMS: SXXXLXXDCXDR or SXXXLXXI XXHR 
TM4: WXXXXXXXXP or WXXXXXXXXXP 
TMS: FXXPXXXXXXXY 
TM6: FXXCXXP 

TM7: LXXXXXXXDPXXY or LXXXXXXXNPXXY 



To Identify a position within an aUgnment. rather than a position within a specific an^ino acid 
sequence, a "sequence identifier" is assigned to each position in the aUgnment. To obtain the 
"sequence identified' for a particular residue (listed at the bottom of each column in the alignments), 
the -extended notation" convention is applied. This reads as foUows: 

3 IThis is the TM identifier. 

2 IThe last two digits indicate the residue number relative to 
9 Ithe most conserved residue, which is number 50 by defoult 
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This is tlie equivalent of, e.g.. Rl 10(3.29) in the hP2U sequence. S 105(3.29) in the hATl A sequence, 
or Tl 14(3.29) in the hbctaS sequence. A more comprehensive description of this convention can be 
found in: Ballcsteros. J.; Weinstein. H.. Meth. Neurosci., 1995. 25: 366-428. van Rhee. A.M.; 
Jacobson. K.A.. Drug Devel. Res., 1996. 37: 1-38 (On-line as of February 28. 1995 and the last up- 
date wa.«5 performed on September 27, 1996). 

Methods tor studying hydropathy using computer-assisted structural assessment techniques (Kyte, 
J., and DooUttle, R.F.. J. Mol. Biol, 157:105-132, 1982). flexibility (Karplus. P-A., and Schultz, 
G.E.. Natun^'issenschaften. 72:212-213, 1985), and secondary structure (Chou, P.Y., and 
Fasman,G.D.. Annu. Rev. Biochem., 47:251-276. 1976) of the trans-membrane domains are well 
known in the art (for eg., see: Krystek et al. Endocrinology (Baltimore) 117:1125-1131, 1985a; 
Endocrinology (Baltimore) 117:1110-1124. 1985b). Surface profiles (eg. the Kyte and DooUttle 
scale) can be used to identify regions of the GPCR which should be accessible for protein-protein 
intwactions. with the caveat that such analysis does not take into account the carbohydrate chains 
located on proteins, and disulfide bonds are not adequately analyzed by these methods. Correlation 
of flexibility plots with homology plots and surface profiles may be helpful in identifying specific 
regions of protein structure. The most flexible regions of a protein are reportedly associated with 
protein binding sites (Richardson. J.S.. Adv. Protein Chenu 34, 167-339. 1981; Van Regenmortel. 
M.H.V.. Ti-ends Biochem Sci.. 237-240 . 1987). Flexibility plots ostensibly identify the most flexible 
regions of a polypeptide but do not take into account disulfide bonding (Spinclla. M.J. et aL. Pept. 
Res. 2, 286-291, 1989) Since.disulfides are known to stabilize protein structures (Richardson. J.S., 
Adv. Protein Chenu 34, 167-339. 1981). and the flexibility of a molecule that is highly disulfide 
bonded is probably overestimated by this technique, this limitatiori shouU be kept in mind. 

In some situations, it may not be desirable to use the hydropathy methods for determining 
transmembrane (TM) sequences. For example, in the sixth and seventh transmembrane (TM VI and 
TM Vn. respectively) domain regions, the hydrophobic sequence patterns are not as clear. Thus, 
other methods such as comparisons of a unique amino-acid motif found within one successful 
peptidc-lead may be useful. 
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By assessing ,h= sta,Uariu« and distinciom of a „„iq« amino aoid mo,if of .he CPCR of ■ 
«.,c. „H.H ,™„p. of „„p.„„ ^ OPCR f^n, a ^^^^ ,^,,^ 2 

^ ^ P=p.u.e or pep.idon,i™eUc con,p.„^ ,„ „ „.JI": 

mteracnons anwnjs, related OPCfo. as mishl be desired. 

TM VI a^ ™ v„ donv^s of panicoiar g.„ps of CPCR, sequence analysis idenUfies a L 
™ur. "nespond„,.„™v,,wi,h^rce„ain.,. Da. presented in H.„„ , d.«ons..l 
U»u U„ rep^doci*, Of ^ GOL ™„„ ,e.„een GPCRs is grouped in» sub;„,„ps of 
w^hs^a^n. ™'«=^-'^i^'o««'i"~e.t,a„ere^„of«:aLri: 
^^^.e^voivedinanyofU^domainsrecosni^daspanicipa*.,^^ 

a™. CPCR s^«,y „,ie„ co„,d be compaUMe wiu. a se>f.recogni.io„ ^ ,bis do^a^^ 
rela,„„sh,p of u« Closeness of .u„c,on/fa„,ay ,r^^, „roPCR .o «,e sin,i,ari„of U,e TM V, / 
T """f ^ of .he potential or probable inte.c.ions between 

Tp^'trbe^"'"™'''"'"'^'"''''"''"'"''"'^-^ 

GPCR. ™.,H be pred^ubl. T^is in..„m provides a possible „„UkkI of predicin, .be se^.i..y 

(orodKrw.se)oflhea«ionofanypania,larTMVIpep.ide. 
D«nfn and Synthesis <tf Peptides Modeled on TMS 

In desiining a GPCR.pepUde acc„..i„s .„ ,bis invemion. .wo imponan. considenUons n,os, be .aken 
m-oacconn.. -he molecule mus, be able .o physically associate wi,h Ute parent-OFCR The 
presen.d,=o.yof pep.* binding soggesu -ha, d. i„i.ia. step i„ binding requires, a, a nnnin,™, an 
K.n,c ^teracuon be.w.en *e recp«,r and *e pepUde. is abo probable .ha, cher ™„tolar 
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interactions, such as hydrogen bonding and hydrophobic interactions, aie important for this 
association. Therefore, the identification and maintenance of these interactions are critical in 
designing a potent GPCR antagonist. 

5 The second consideration in designing the GPCR-peptides of this invention is secondary and tertiary 
structure. While certain portions of the GPCR-peptide will not directly paiiicipate in moleculai- 
interactions with tte receptor, they may play a role in the overall conformation of the GPCR-peptide. 
Tiiis, in turn, can have a dramatic effect on potency. If the GPCR-peptide cannot assume the proper 
conformation, the molecular interactions required for association with the receptor cannot be 
1 0 achieved, even if the components capable of forming such interactions are present in the molecule. 
Accoi-dingly, GPOl-pepiides of this invention must be designed so that they assume a conformation 
which allows them to associate with the receptor. Conformational requirements may be in the nature 
of overall three-dimensional structure and orientation of the GPCR-peptide, or merely the spacing 
between two sites on the GPCR-peptide which directly interact with the receptor. 



15 



20 



To test which of the amino acids in the 15-20 amino acid peptide-lead are responsible for crucial 
molecular interactions with the parent GPCR. a simple alanine scanning procedure is carried out. In 
this procedure, a series of peptides, each having a single alanine substitution at a different residue, 
is synthesized. The peptides are then assayed to determine if they selectively inhibit GPCR activity. 



Those alanine-substituted peptides which retain an ability to prevent or disrupt functional aggregation 
of GPCRs which form multimers for activity, indicate portions of the peptide-lead that do not 
directly interact with the receptor and which do not have side chains which play a critical role in the 
folding of the GPCR-peptide. Such peptides are preferred peptide-lcads and GPCR-peptides of the 
2 5 present invention. Conversely, those peptides which lack or have greatly reduced disruptive activity 
point out areas of the peptide-lead and GPCR-peptide Uiat are important for activity. These latter 
peptides suggest the nature of an important interior intramolecular interaction based upon the amino 
acid substituted for. For example, an arginine-to-alanine substitution which resulted in reduced 
activity suggests the location of an important positive charge - eidier an ionic interaction with the 
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r=ccp,or or an i„,„™„,.,„,„ jonic in,er.c.k>n wl.hto .he p=p,id= . which is r=,„i,«i ,„ „^i„ 
op.,md conformation. A s«t,=-,o-alani.. sut,s,l.u.io„ which had a ncgadv. effect on activity 
.ntlicate. the location of ^ imp«nant hydrogen b»«L Ajata the hydmgen bond may t, between ^ 
peptide-lead and the GPCR. or it n,ay be an inu.mo,ec«hr hydrogen bo«. that piays an in,poru„t 
role in the conformation of the i»ptide-Iead. 

Those of skill in the art will „alb. that distinguishing between whether a structural feature is 
m,»r,an. tar an inter- or inu^Jecular interaction can only be achieved by examining an x.,.y 
crystal structure of the peptide-receptor complex. However, that distinction is of little import in 
designing the peptide-leads and GPCR-peptides of this invention. Once the «,tu,e of the interaction 
« detenmned. f.... electrostatic, hydrophobic ionic d« choice of potential substitutes at that position 
becomes clear. 

To farth^ ascertain those sites that are important for proper folding and orientation of the peptide- 
leads and GPCR-peptides of this invention, a single position deletion analysis is performed. In this 
pn)cedure. a series of peptides containing single deletions at positions which do not affect inhibuor 
activity are s>..thesized and assayed for activity. The peptides from this series that retain significant 
actwuy indicate areas of the peptide-Iead and GPCR-peptide that a« not essential for proper 
conformation Such peptides are also included within the scope of this invention. 

Deletion peptides from this series which have significantly lower attenuating activity indicate the 
location of components which provide critical spacing in the peptide-lead or GPCR-peptide This 
may be verified by replacing the deleted amino acid witi, a different, yet analogous structure For 
example, substitution of any conformationaUy important amino acid with a three carbon alkyl chain 
without a significant loss of activity confirms that spacing is critical at that part of the molecule. 

Additional infonnation about important structural and conformational features necessary for 
designing a potent GPCR-peptide of this invention may be obtained through 3-dimensional X-ray 
crystaltographic procedures coupled with computer modelling. Specifically, one of ordinary skiU in 



BNSOOCIO: <WO_9800S3aAaj^ 



WO98A)0538 



PCT/ra97/00814 



21 

the art may analyze a GPCR/peptide-Iead using such a method. Alternatively, one of average skill 
in the ait could employ multiple alanine substitutions or multiple deletions to identify important 
intramolecular interactions in the antagonist itself. It will also be apparent that each new GPCR- 
pepiide designed and tested will, itself, provide additional information about structural features 
5 • important for inhibition of GPCR activity. 

Once the critical residues in the pcptide-lead have been located and chaiacterized, other GPCR- 
peptidcs of this invention may be designed and synthesized. This is achieved by substituting the 
identified key residues of the peptide-lcad with other components having similar features. These 

10 substitutions will initiaUy be conservative, /.e., the replacement component will have approximately 
the same size, shape, hydrophobfcity and charge as the key residue. Those of ordinary skill in the art 
are well aware of appropriate replacements for a given amino acid [Dayhoff et al., in Atlas of Protein 
Sequence and Structure No. 5, 1978 and Argos ct aL, EMBO J.. 8, pp. 779-85 (1989)]. Typical 
conservative substitutions for an amino acid are other amino acids with similar charges, fqr example, 

15 aspartic acid for glutamic acid, arginine for lysine, asparagine for gluiamine, hydroxyproline for 
proline and vice versa. Substitutions with non-natural amino acids may also be performed. to reduce 
the peptidic nature of the peptide-lead. Some examples are cyclohexylalanine for tyrosine, sarcosine 
for glycine, statine for threonine and homoarginine for ai'ginine. These modifications may increase 
the biological stability of the antagonist, in addition to increasing its potency. 

20 

After the molecule containing the substitute component is shown to be a compound effective for 
selectively preventing or disrupting the aggregation of GPCRs, less conservative replacements may 
be made at the same position. These substitutions typically involve the introduction of non-amino 
acid components which contain the important feature imparted by the amino acid at that position. 
25 Such substitutes are well-known in the art. For example, the sequence Uu-Val-Arg (corresponding 
to amino acids 65-67 of thrombin) can be replaced by p-guanidinobenzoic acid. This substitution 
maintains the hydrophobicity of Leu-Val, as well as the guanidinium functionality of Arg. 

It will be apparent that there is greater freedom in selecting the substitute for a non-essential amino 
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acid in Uie peptide-lead sequence. Moreover, a non-essential amino acid may simply be eliminated. 
Almost any substitute that does not impart a change in conformation may be employed for a 
nonessential amino acid. These include, but are not limited to. straight chain alkyl and acyl groups. 
Also, because of the importance of the net positive charge of the antagonist, anionic substitutes 
should be avoided. Components which are known in the art to alter conformation should also be 
avoided. One such componem is proline, an. amino acid which causes a turn structure in a molecule 
Others are weU-known in the art [CD. Rose et al.. "Turns in Peptides and Proteins". Adv. Prot. 
Chem.. 37. pp. l-UO (1985)J. 

In addition to those peptides resulting from the substitutions and deletions described above, novel 
GPCR-peptides according to this invention may be designed by insertions at various sites alomj the 
peptide-lead. To detennine areas of the peptidc-Iead where a componem may potentially be inserted, 
a series of peptides having a singte alanine insertion at various sites is synthesized. Those peptides 
from this series which retain activity for selectively preventing or disrupting functional aggregation 
of GPCRs which form multimers for activity indicate potential insertion sites. 

In choosing a component to be inserted, one should be guided by the same considerations set forth 
above in selecting a substitute component. SpecificaUy. one must keep in mind how the insertions 
may potentially affect the molecular interactions between the GPCR-peptide and the GPCR and how 
they affect conformation of the GPCR-peptide. For example, the insertion of an anionic componem 
adjacem to a critical caiionic amino acid in the peptide-lead could interfere with an importam ionic 
interaction and should therefore be avoided. Similarly, the insertion of a componem which is known 
to cause structural perturbations, e.g.. a proline, shoukl also be avoided. 

Using any or all of the above deletion, substitution and insertion techniques aUows those of ordinary 
skill in the art to design GPCR-peptides according to this invention. Moreover, the potential effect 
of any of these changes may be theoreticaUy observed prior to synthesizing the GPCR-peptkJe 
through the use of computer modelling techniques known in the art. Such modelling allows one to 
observe the predicted struaure of a GPCR complexed with the potential GPCR-peptide. If that 
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theoretical sa-ucture suggests insufficient interaction between the receptor and the potential GPCR- 
peptide, one need not spend time and resources in synthesizing and testing the molecule. On the 
other hand, if computer modelling indicates a strong ijiteraction, the molecule may then be 
synthesfeed and assayed for activity. In this manner, inoperative molecules may be eliminated before 
5 they are synthesized. 

Finally, cyclic derivatives of any peptide designed by the above techniques ai e also pait of the present 
invention. Cyclization may allow the peptide to assume a more favorable conformation for 
association with the GPCR. Cyclization may be achieved by methods weU-known to those in the an. 
10 One method is the formation of a disulfide bond between two non-adjacent cysteine residues (D- or 
L-conforraation) or any two appropriately spaced components having free sulfhydryl grojips. It will 
be understood that disulfide bonds, as well as other intramolecular covalent bonds, may be formed 
between a variety of components within the GPCR-peptide. The components which form pch bonds 
may be side chains of amino acids, non-amino acid components or a combination of the two. 

15 

The most preferred peptides of the present invention are modelled after the peptide-lead which 
compiTses the formula: SEQ ID NO: 1: NH.-GIIMGTFTLCWLPFFIVNIVH-COOH. In order to 
ensure the entire predicted region be contained in a single peptide, it may be wise to extend both the 
amino terminus and the carboxyl terminus. 

In addUion to the above sequence, a variety of other peptide-leads modelled on the transmembrane 
domain sequences of GPCRs can be used as set out in Examle HI, below. 

The synthesis of the peptides of this invention including derivation, activation, and coupling of 
25 protected amino acid residues, and their purifjcation, and the analytical methods for determining 
identity and purity are included in the general body of knowledge of peptide chemistry, as described 
in Houben WtylMethoden der Organischen Chemie. (1974). VoL 16, parts I & n for solution-phase 
syndiesis. and in Solid Phase Peptide Synthesis, (1984), by Stewart and Young for synthesis by the 
solid-phase method of Merrifteki. 



20 



BNsboaO: <WO_9800S38A8J_>^ 



WO98A)0S38 



PCT/IB97/00814 



24 



10 



15 



20 



25 



Any chemist skifled in the an of peptide synthesis can synthesize GPCR peptides of this invention by 
standard soIuUon methods. These include enzymatic cleavage of GF»CR. recombinant DNA 
techniques, solid-phase peptide synthesis, solution-phase peptide synthesis, organic chemical synthesis 
tecluTiques. or a combination of these techniques. The choice of synthesis technique wUl. of course, 
depend upon the composition of the particular peptide. In a preferred embodiment of this invention, 
the GPCR peptide is entirely peptidic and is synthesized by solid-phase peptide synthesis techniques, 
solution-phase peptide .synthesis techniques or a combination thereof which constitute the most cost- 
efficient procedures for producing commercial quantities of these peptides. 

When "non-protein" amino acids are contained in the GPCR peptide, they may be eitter added 
directly to the growing chain during peptide synthesis or prepared by chemical modification of the 
complete synthesized peptide, depending on the nature of the desired, "non-protein" amino acid. 
Those of skiU in the chemical synthesis art are wcU aware of which "non-protein" amino acids may 
be added dircctiy and which must be synthesized by chcmicaUy modifying the complete peptide chain 
following peptide synthesis. 

The synthesis of those GPCR peptides of this invention which contain both non-amino acid and 
peptidic portions is prcfisrably achieved by a mixed heterologous/solid phase technique. This 
technique involves the solid-phase synthesis of aU or most of the peptide portion of the molecule. 
This is foUowed by the addition of the non-amino acid components which are synthesized by soluuon 
phase techniques and then coupled to the peptidic portion via soUd-phase or solution-phase methods. 
Any remaining peptidic portions may then be added via soUd-phase or solution-phase methods. 

In conventional solution phase peptide synthesis, the peptide chain can be prepared by a series of 
coupling reactions in which the constituent amino acids arc added to the growing peptide chain in the 
desired sequence. The use of various n-prctecting groups. e.g.. the carbobcnzyloxy group or the t- 
butyloxycarbonyl group (BOC). various coupling reagents, e.g.. dicyclohexylcarbodiimide or 
carbonyldimidazole. various active esters, e.g.. esters of N-hydroxypthalimide or N-hydroxy- 
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succinimide, and the various cleavage reagents, e.g., uifluoracetic acid (TFA), HCl in dioxane, boron 
tris-(trifluoracetate) and cyanogen bromide, and reaction in soiution witii isolation and puiification 
of intermediates is well-known classical peptide methodology. 

5 A prefened peptide .synthesis method follows conventional Merrifield solid-phase procedures. See 
Merrifield, J. Amer. Chem. Soc. 85, 2149-54 (1963) and Science 150, 178-85 (1965). This 
procedure, though using many of the same chemical reactions and blocking groups of classical 
peptide synthesis, provides a growing peptide chain anchored by its carboxy terminus to a solid 
support. usuaUy cross-Unked polystyrene, styrenedivinyl-benzene copolymer or. preferably, p- 
10 methylbenzhydrylamine polymer for synthesizing peptkle amides. This method conveniently simplifies 
the number of proceduj-al manipulatfons since removal of the excess reagents at each step is effected 
simply by washing the polymer. 

Further background information on the established solid phase synthesis procedure can be had by 
15 reference to the treatise by Stewart and Young, "Solid Phase Peptide Synthesis. " W.H. Freeman 7 
Co.. San Francisco. 1969, and the review chapter by Merrifield in Advances in Enzymology 32. pp. 
221-296. F.F. NokJ, Ed.. Interecience Publishers. New York. 1969; and Erickson and Merrifield. Vie 
Proteins, Vol 2, p. 255 et seq. (ed. Neurath and Hill). Academic Press, New York. 1976. 

20 Design of PeptidonumeUc Compounds 

It is weU known in the drug design art to look for a substitute compound that mimics the 
conformatfon and desirable features of a panicular peptkle, e.g., an oUgopeptide, once such peptkle 
has been found, but that avoWs die undesirable features of a peptide compound, e.g., flexibility (loss 
25 of conformation) and bond breakdown. Such a compound that mimics a peptkie is known as a 
"peptidomimctic". There are a number of methods for designing pcptidomimetk: compounds that 
are known in the art. 

In each case, the starting point for designing a peptidomimetic compound is the sequence 
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and/or conformation of a particular oligopeptide or pepudc of interest. For example, see. Spatola. 
A.F. Chemisrry and Biochemistry of Amino Adds. Peptides, and Proteins (Wcistein. B, Ed.). Vol. 
7. pp. 267-357, Marcel Dekker. New York (1983). which describes the use of methylenethio 
bioisostere [CH,S] as an amide replacement in enkephalin analogues; and Szelke ei al.. In Peptides: 
Structure and Funainn. Proceedings of, he Eighth American Peptide Symposium. (Hruby and Rich, 
Eds.); pp. 579-582. Pierce Chemical Co.. Rockford, 111. (1983). which describes renin inhibitors 
having both the methyleneamino [CH,NH] and hydroxyethylene [CHOHCH,] bioi.sosteres at the 
Leu- Val amide bond in the 6- 18 octapeptide derived from angiotewjinocen. 



It is also known in the art to use computer simulation in an attempt to predict a stable conformation 
of a peptide. That is. because a peptide is a sequence of amino acid residues, each containing known 
atoms bonded together in known molecules having known bonding lengths, with known electrostatic 
properties associated with each atom, it is possible to simulate a peptide structure on the computer. 
An example of such a computer based method of rational drug design that Wentifies bioactive 
peptidomimetics that can be effectively used as drugs is U.S. Patent No. 5.331.573. This method 
predicts the most probable secondary and/or tertiary structures of a polypeptide without any 
presumptions as to the confomiation of the underlying primary or secondary structure. The method 
invoWes computer simulation of the peptide in a manner that simulates a real-size primary structure 
in an aqueous environment, shrinking the size of the polypeptide isobaricaUy and isothermally. and 
expanding the simulated polypeptide to its real size in selected time periods. A useful set of tools, 
terras Balaji plots, energy conformational maps and probability maps, assist in identifying those 
portions of the predicted peptide struaure that are most flexible or most rigid. The overaU method 
of this technique involves the following steps: 

(a) simulating the most probable conformations of a given polypeptkle; 
2^ selecting the most probable conformation of the peptides thus simukited; 

(c) designing and synthesizing a chemically modified analog of the selected peptide; 

(d) evaluating the bioactivity of the synthesized chenucaUy modified analog of the selected 
peptide; and thereafter, optionally 

(e) designing a suitable peptkJomimetic based on the conformation of the synthesized 
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chemically modified analog of the selected peptide. 
In caiiTing out this method, if it is noted that the chemicaUy modified analog of the selected peptide 
is not bioactive, as determined thi'ough suitable testing, then an additional step relates to determining 
wiiether other chemically modified analogs should be designed for this same selected peptide. If so, 
5 then another ChemicaUy modified analog for the selected peptide is designed and the bioactivity of 
this newly designed chemicaUy modified analog is evaluated. If a detemiination is made that another 
chemically modified analog for this same peptide should not be designed, then the nest most probable 
conformation of the simulated peptide is selected and a chemically modified analog is designed and 
synthesized for such selected peptide and the process is repeated. 

Experimental Assessment of Candidate Peptides ^ 

The ability of the peptides and peptidomimetic compounds of this invention to selectively affect ; ^ 
oligomerization of GPCRs which form multimers for activity can be measured by choosing from the 

15 many techniques available in the art. In general, the goal of these types of assays would be to ^ 
measure the ratio of raonomeric receptor to multimeric receptors (dimers, trimcrs, etc.) The change 
in ratio of the relative amounts of monomer to multimer will reflect conversion of monomers to 
multimers or vice versa. If the results of these assays are correlated with measurements of the 
activity of the GPCR (using techniques described below), one skilled in the art will be able to 

20 ascertain whether the peptide-lead, GPCR-peptide or peptidomimetic compound will interfere with 
the functional aggregation of receptor subunits which form multimeric associations for functional 
activity. Those compounds which promote oligomerization would be predicted to have one activity 
(eg. agonist or positive efficacy) while those which promote dissociation of oligomers would be 
predicted to demonstrate opposite activity (eg. inverse agonists or negative efficacy). The magnitude 

25 of change in ratio and/or rate of change effected by the compound would provide a measure of the 
compound's efficacy and/or potency in modulating receptor activity. 

Measuring the ratio of monomeric recepto r to mukimeric receptor 
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There aie many different techniques avaUuble for determining the relative amount of monomer to 
raultimer (eg. dimer) formed in the presence and absence of the peptide-lead. GPCR-peptide. or 
peptidomimetic compound. For example, different assay systems can be designed to measure the 
ability of compounds to modify the ratio of monomers/multime,^. In general, any procedure that 
pemuts measurement of the relative amounts of monomer and oligomer in receptor preparations (eu. 
membranes, solubilizcd receptor preparations, purified receptor, etc) can be used. Typically, a 
sample containing the compound to be tested or a control sample lacking the compound would be 
added to a .suspension or solution of receptor preparation. After an incubation period, the receptor 
preparation would be analyzed to determine the relative amounts of monomeric and oligomeric 
species such that changes in the ratio produced by the test compound could be used to predict the 
activity and efficacy of the compound in regulating receptor ftmction. 

Immunological methods can be used to measure compound efficacy. As demonstrated by the working 
example provided herein (see Figures and Examples) difiFerential epitope tagging can be used in 
combination with differential co-immunoprecipitation to demonstrate the formation or absence of 
multimeric subunit aggregation. As each type of subunit beats a unique tag, immunological 
techniques can be used to purify and klentify the presence of each subunU in a multimer. If the 
complex is made up of two or more kientical subunits (eg. homodimcr or homotrimer). each subunit 
is treated as if U is unique, such that the subunits bear tags in proportion to the number of units in the 
multimer. For example, if the complex is a homodimer. one-half of the cDNA will be tagged with 
tag A and the other-half win be tagged with tag B. The resulting dimers will form between A-A. AB, 
and BB subunits. but wiU be observable by their migration in the SDS-PAGE gel. relative to the 
indivWual units. These wiB be visualized by immunoblotiing with either or both types of anti- A MAbs 
or anti-B MAbs. 

In a preferred embodiment of this invention, the foUowing steps can be foUowed: 

1) Synthesize sets of recombinant baculoviruses. wherein each set comprises cDNA encoding 
one subunit of a receptor and one unique immunologk: tag. one set for each subunit; 

2) co-express the sets of receptor cDNA, each set bearing a unique tag, in Sf9 cells: 
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3) solubilize membranes and purify receptors; 

4) add test compound to the receptor pi-eparation; 

5) immunoprecipitate the receptors using anti-tag MAbs, one per unique tag; 

6) separate the receptors using SDS PAGE; 

7) immunobloi the SDS PAGE gel to observe resultant subunit aggregations; 

An immunological method for measuring monomer/oUgomer ratio entails separating monomers and 
oligomers based on size and measurement of rebtive amounts of each using reporter systems. In this 
embodiment the following steps would be followed: 

1) receptor cDNA would be tagged with epitope for monoclonal antibody and expressed 
in a heterologous system (eg. baculovirus-insect cell system); 

2) membrane preparation (or purified receptor) incubated with various concentrations of 
compound for defined period; 

3) membranes (or pure receptor) can be solubilized in SDS sample buffisr and components 
sepai-ated by size on SDS-polacrylamide gels; 

4) separated proteins would be transferred to nitrocellulose filter and relative positions of the 
tagged receptors visualized with anti-epitope antibody in immunoblot reaction; 

5) monomeric and oUgomeric receptor species would be identified by size and relative amounts 
of each species determined by densitometric scanning; 

6) the ratio of monoraer/oUgomer species would be compared for different concentrations of 
the test compound. 

Using the techniques of this embodiment, alternate means of separating monomeric and oligomeric 
receptor species by size can be used: eg. gel filtration, ultracentrifugation or others foUowed by 
antibody detection of different size forms and determination of ratio of monomeric to oligomeric 
species Alternate means of labelling the receptor could entail labelling the receptor with some 
reporter permitting specific detection of the receptor (eg. fluorescent label specifically incorporated 
into the receptor protein which can be quantiiated foUowing size separation of monomeric and 
oligomeric species. 
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In yet a further embodiment, the association of monomers in oUgomcric receptor complexes can be 
measured directly using Fluorescence Resonance Energy Transfer, involving use of two different 
fluorophores with distinct excitation and emission spectra, where the emission spectrum of the first 
fluor overlaps with excitation spectrum of the second fluor. Two separate preparations of receptor 
would be labelled with one or the other fluor and labelled receptor preparations would be 
recoastituted together in solution or in phospholipid vesictes. The mixture would then be irradiated 
at the excitation wavelength of the tlrst and second fluoni. Monomers would show major emission 
and emission wavelength for the first fluor. Oligomers would show increased emission at die 
emission wavelength of the second fluor due to close proximity of the two fluors and energy transfer 
ftom the fust to the second fluor. The ratio of emission intensities at emission wavelengths for the 
first and second fluors would provide a measure of the relative amounts of monomcric (no energy 
tiansfisr) and the oUgomeric receptor species. Compounds which modify the ratio of monomeric and 
oHgomeric species of the receptor wffl also modify the ratio of emission intensities at the two emission 
wavelengths and permit prediction of activity and efficacy of the compound in regulating receptor 
activity. 



20 



25 



Modifications to this Fluorescence Resonance Energy Transfer method can be made by using 
receptors tagged with diflcrem epitopes and two corresponding monoclonal antibodies labeUed with 
first and second fluors. In this alternative method, two receptor populations (tag 1 and tag 2) in the 
same preparation (by co-expression of two receptors in insea cells or mammalian lines; or by separate 
expression and reconstitution into single preparation) are incubated with anti-tag 1 labelled with fluor 
1. and anti-tag 2 labelled widj fluor 2. Moiiomers will not show energy transfer between fluois 1 and 
2 ondifTerent receptor monomers, whereas oOgomers will bring two receptor-bound antibodies into 
proximity and permit energy transfer, measured as an increase in emission intensity at the emission 
wavelength of fluor-2. Compounds would be added to the mixture and tested for their abilities to 
promote receptor oligomcrization or dissociation of oUgomers into monomers, and this information 
would permit prediction of compound activity and efficacy in regulating receptor fiinction. 
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Finally, spectral methods can be used to measure conformational changes in proteins that can be 
correlated with subunit recombination [Herskovits, T.T.. Methods EnzymoL, 11:748-755, 1967); 
Schmid EX.. in Protein Structure: A Practical Approach (Creighton. T.E.. Ed.) pp 251-286, Oxford 
University Press, Oxford, 1989]. Specifically, difference spectroscopy can be used to monitor the 
dissociation and association of subunits (Salesse. R. et al., J. Mol. Biol., 95:483-496, 1975; Ingham 
K.C.. et aL. Biochemistry. 15:1720-1726. 1976; Schmid F.X.. supra, 1989). Reverse-phase HPLC 
can also be used as a method for measuring subunit recombination. 

Measuring GPCR activity 



The specifics of pepiide-assessment assays would thus involve the foUowing steps: 
Adding aqueous solution containing peptide, derivative, or peptidiomiractic compound to be tested 
to solution containing a GPCR preparation (tissue, cell or extract); adding agonist to the same 
solution; measuring the response to agonist by means of assay as described above; comparing the 
15 magnitude of the response to agonist in presence of the peptide or peptidiomimetic comppund to that 
in absence of test molecule under otherwise identical conditions. Decrease in agonist-induced 
response in the presence of peptide or peptidiomimetic compound indicates antagonist activity. 

Activity of GPCR-peptide can be further chai-acterized by testing: varying concentrations of peptide 
20 with fixed concentration of peptide or peptidiomimetic compound with fixed concentration agonist 
(to determine the potency of the antagonist compound) and then varying the concenuation of the 
agonist with fixed peptide concentration (to determine competitive vs. non-competitive action). 
FinaUy, measuring the effect of peptide or peptidiomimetic compound on distantly-related receptor 
can be performed to determine selectivity. 



Activity ohhe GPCR-peptide or peptidiomimetic compounds can also be assessed by measuring the 
compound's affect on spontaneous leceptor activity (le., basal activity.in absence of added agonist). 
In this case, the same assay systems can be used without agonist and look for decrease in receptor 
activity in presence of compound. 
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AU assays described here are famUiar to those versed in the an. and described in detaU in 
numerous scientific publications and methods manuals. 

5 Use of Peptides as Drugs 

The p.rsent invention also provides a method for treatmem of G protein-coupled receptor mediated 
disease in patients, such as mammak. including humans, which comprises the step of administering 
to the patient a phannaceutically effective amount of a compound, a pharmaceuticaUy acceptable salt 
10 thereof, or a pharmaceutical composition as described. 

The present invention also provides phaiinaceutical compositions which comprise a pharmaceuticaUy 
effective amount of the peptides or peptidomimetic compounds of this invention, or pharmaceuUcaUy 
acceptable salts thereof, and. preferably, a phannaceuticaUy acceptable carrier or adjuvant 
Therapeutic methods of this invention comprise the step of treating patients in a phannaceutically 
acceptable manner with those compounds or compositions. Such compositions may be in the foim 
of tablets, capsules, caplets. powders, granules, lozenges, supposUories. reconstitutable powders, or 
liquid preparations, such as oral or sterUe parenteral solutions or suspensions. 
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The therapeutic agents of the present invention may be administered alone or in combination with 
pharmaceuticaUy acceptable carriers. The proportion of each carrier is determined by the solubility 
and chemical nature of the compound, the route of administration, and standaixl pharmaceutical 
practice. 

In order to obtain consistency of administration, it is preferred that a composition of the invention 
is in the fomj of a unit dose. The unit dose presentation forms for oral administration may be tablets 
and capsules and may contain conventional excipients. For example, binding agents, such as acacia, 
gelatin, sorbitol, or polyvinylpyroUdone; fiUers. such as lactose, sugar, raaizc-stareh. calcium 
phosphate, sorbitol or glycine: tabletting lubricants such as magnesium stearate; disintegrants. such 
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as starch, polyvinylpyrrolidone, sodium starch glycoUate or microcrystalline ceUulosc; or 
pharmaceutically acceptable wetting agents such as sodium lauryl sulphate. 

The compounds may be injected parenteraUy; this being imramusculaily, intravenously, or 
subcutaneously. For parentemal administration, the compound may be used in the form of sterile 
solutions containing other solutes, for example, sufficient saline or glucose to make the solution 
isotonic. 

The compounds may be administered oraUy in the form of tablets, capsules, or granules containing 
suitable excipients such as starch, lactose, white sugar and the like. The compounds may be 
administered oraUy in the form of solutions which may contain colouring and/or flavouring agents. 
The compounds may also be administered sublinguaUy in the form of traches or lozenges in whkh 
each active ingrediem is mixed with sugar or com syrups, flavouring agents and dyes, and then 
dehydrated sufficienUy to make the mixture suitable for pressing into solid foniu 

The solid oral compositions may be prepared by conventional methods of blending, filling, tabletting. 
or the like. Repeated blending operations may be used to distribute the active agent throughout those 
compositions employing large quantities of fillers. Such operations are. of course, conventional in 
the an. The tablets may be coated according to methods weH known in normal pharmaceutical 
practice, in particular with an enteric coating. 

Oral Uquid preparations may be in the form of emulsions, syrups, or elixirs, or may be presented as 
a dry product for reconstitution with water or other suitable vehicle before use. Such Uquid 
preparations may or may not contain conventional additives. For example suspending agents, such 
as sorbUoL syrup, methyl ceUulose. gelatin. hydroxyethylceUulose, carboxymethykxUulose. aluminium 
stearate gel, or hydrogenated edible fats; emulsifying agents, such as soriritan monooleatc or acacia; 
non-aqueous vehicles (which may include edible oils), such as almond oU. fractionated coconut oil. 
oily esteis selected from the group consisting of lycerine. propylene glycol ethylene glycol, and ethyl 
alcohol; preservatives, for instance methyl para-hydroxybenzoate, ethyl para-hydroxybenzoate. n- 
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propyl parahydroxybenzoate, or n-butyl par.hyd..xybenzoate of sorbic acid; and. if desi^d 
convenuonal flavoring or coloring agents. 

For pa.nte.al adnunistration. fluid unit dosage forms tnay be p.pat^d by utilizing the peptide and 
aster,. ve^cle.and.depending on theconcentnuionen,^^^^^ 

m the veh.de. Once in solution, the compound may be injected and filter sterUi..d befo,. filling a 

suitable vblorampoufe and .subsequently sealing tl^ca^er or .stooge package. Adju^ 
a local anaesthetic, a p.«ervative or a buflcring agent, may be dissolved in the vehicle prior to use 
Stabdity of the phannaceutical composition may enhanced by freezing the composition after fm^ 
the VU.1 and removing the water under vacuum, (e.g.. freeze drying the composition). Pa^ntcr^ 
suspensions may be prepared in substantiaUy the same manner, except that the peptide should be 
suspended In the vehicle rather than being dissolved, and. funher. sterilization is not achievable by 
fatratu^n. The compound may be sterilized, however, by exposing it to ethylene oxide before 
suspending it in the sterile vehicle. A surfactant or wetting solution may be advantageously included 
in the composition to facilitate uniform distribution of the compound. 

The phamuceutical compositions of this invention comprise a phannaceuticaUy effective amount of 
a compound of this invention and a phannaceutically acceptable carrier. Typically, they contain fh,m 
about 0.1% to about 99% by weight, preferably from about 10% to about 60% by weight of a 
compound of this invention, depending on which method of administration is employed. 

Physicians will determine the dosage of the present thempeutic agents which will be most suitable 
Dosages may vary with the mode of administration and the particular peptide or peptidomimtic 
compound chosen. In addition, the dosage may vaiy with the panicular patient under treatment 
The dosage of the compound used in the treatment will vmy. depending on the seriousness of the 
disorder, the weight of the patient, the relative efficacy of the compound and the judgment of the 
treaung physician. Such therapy may extend for several weeks, in an intermittent or unintemipted 
manner, unta the patient's symptoms are eliminated. 
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It is appreciated that the compounds of the present invention can be modiHed by one skilled in the 
art in such a manner as to prevent access into the central nervous system such that they can function 
in peripheral tissues to affect peripheral G protein coupled receptor mediated events. 

To fiarther assist in unden>tand.ng the present invention, the following non-limiting examples of such 
peptides are provided. The tbUowing examples, of course, should not be construed as specifically 
linutina the present invention, variations presently known or later developed, which would be within 
the purview of one skilled in Uie art and co.isklercd to faU within the scope of the present i.mntion 
as described herein. 

FXAMPLES ^ 

EXAMPLE 1: DESIGN AND SYNTHESIS OF GPCR-PEPTIDE 

The applicants observed that a number of chemical treatments failed to convert the dimeric 
species of the to a monomeric form. These included reducing SDS-PAGE sample buffer with 
P-mercaptoethanol and dithiothn^Uol and the denaturants urea or guanidinium hydrochloride (data 
not shown). Other examples of SOS resistant oligomers of membrane proteins have been noted in 
the literature. These include glycophorin A (GpA. Harris. H.W.. and Zeidel. M.L. in The Kidney, 5th 
edition. B.M. Brenner, ed.. W.B. Saunders. Philadelphia, pp. 516-531. 1996). human erythrocyte 
band 3 (Bfchet. D.G.. ct aL. supra, 1994). the tailspike protein firom phage P22 (Furthmayr. H. and 
Marchcsi. V.T.. Biochemistry 15:1137-1144. 1976). staphylococcal a-toxin (Tobkes. N.. et aL. 
Biochenm 24:1915-1920. 1985). complement membrane attack complex (HamUton. K.K.. et al.. 
J. Bid Chenu 268:3632-3638. 1993; Tschopp. J., et aL. Nature, 298:534-538. 1982; Tschopp J., 
ct aL. Nature 298:534-538. 1984) and a number of porins (Schatz. G. and Butow. R.A.. Cell 32:316- 
318. 1983). 

In an eleeant series of experiments it was demonstrated that residues located in the transmembrane 
domain of GpA are essential for the formation of dimers (Ummon. M. A. et aL. Nature Struct. BiaU 
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1:157-163. 1994; Bonnan BJ.. et aL. 7. Biol. Chen, 264:4033-4037. 1989; Lemmon M.A « aL J. 
BioL a.m. 267:7683-7689. 1992; Lemmon. M. A., ct al.. fi/ocW^m- 31:12719-12725 1992)' 
The transmembnme regions ar. believed to fonn a right-handed coUed coil where non-covalem helix 
packing (hydrophobic) interactions dominate. Based on the ^.lative importance of specif, 
transmembrane residues, the existence of a dimerization motif ruXXGVXXC'VXXT) was 
proposed for GpA. In panicular. Gly« was found to be essential for dimeri^ation as substitmion with 

ettherhydrophobicorlargerpolarmsidue.sp,evented.dimerformation(Ummon.M.A..etal supra 
1992). Additional glycine and leucine residues (shown in bold) were also found to be important 
detennu^ants of GpA dimerization. Analy.-^ of p ,AR transmembnu. sequences .vealed that leucine 
and glycine residues positioned with a similar spacing exist in the cytoplasmic end of the sbcth 
tnmsmembnme domain (TM VI): -LICn.GnMGTFII. Imeiestingiy. the placement of leucines and 
glycu«su;piesen.ed in either direction. These studies suggest that peAaps this region of the p AR 
may be involved in receptor-receptor interactions. Consistent with this hypothesis, molecular 
modelling has suggested that m VI is one of the most membrane exposed of aU the transmembrane 
15 segments (Baldwin. J.M. EMBO J., 12:1693-1703. 1993). Also, the leucine and glycine .^idues 
discussed above are predicted to be on the external foce of the helical segment (Baldwin, supra. 1993) 
Where they could be availaWe for intermolecular interactions. To specifically test the idea that these 
residues wen. important for p,AR dimerization. we synthesized a peptide conesponding to most of 
TM VI („«idues 276-296) and assessed its ability to interfere with P,AR dimer fonnation and to 
2 0 afiisct receptor-stimulated adenylyl cyclase activity. 
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Synthesis nfpyp^f/^yc 



Peptides were synthesized on soUd-phase suppons using f-moc chemistry (Merrifield. R B Rec 
Pros. Hormone Res. 23:45 1-482. 1 967; Stewart, J. and Young. J.. Solid Phase Peptide Synthesis, 
Pierce Chemical Company, Rockford. Illinois. 1984) on a BioLynx 4175 manual peptide synthesizer 
(LKB). Peptides were solubilized in the following bufer: 100 mM NaCl. 10 mM Tris-HCl pH 7.4. 
2 mM EDTA (plus a protease inhibitor cocktail consisting of 5 mg/ml leupeptin. 10 mg/ml 
bcnzamidine and 5mg/ml soybean trypsin inhibitor). 0.05% digitonin and 10% DMSO. Peptide 
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sequences were confirmed either by mass spectrometry or amino acid analysis. Peptides used were 
as follows: l)PiAR TM VI peptide consisting of residues 276-296; NHj- 
GIIMGTFTLCWLPFFiyNIVH-COOH, 2) a second peptide with Ala residues substituted at 
positions 276, 280, and 284 NHj-AnMATFTACWLPFFIVNIVH-COOH. 3) a peptide derived from 
5 residues 407-426 of the D2 dopamine receptor TM VII NH,-YIIPNVASNVYGLWTFASYL- 
COOH. 4) a peptide derived from the C-terminal tail of the PjAR consisting of residues 347-358 
NHj-LKAYGNGYSSNG-COOH and 5) an additional peptide unrelated to the pjAR but of similar 
size as the TM VI peptide NHj-SIQHLSTGHDHDDVDVGEQQ-COOH. 

10 EXAMPLE n: ANALYSIS OF GPCR.PEPTIDE ACTIVITIES 

To assess the effect of the diflferent peptides on the PiAR expressed in Sf9 and mammalian cells, the 
following experiments were performed. Generally, membrane preparations from mammalian or Sf9 
cells infected with recombinant bacculo virus expressing human p,AR were treated with increasing 

is concentrations of the different peptides at room temperatures and for various times as indicated 
below. Specifically, membrane preparations fit)m mammalian or Sf9 cells or affinity purified 
receptors derived from Sf9 cells expressing c-myc tagged PjAR were treated at increasing 
concentrations of the different peptides at room temperature for various times as indicated (see 
results). Samples were then run on SDS-PAGE and then transfiared to nitroceUulose. In some cases 

20 membrane preparations were also treated with either 10 jiM timolol or 1 jiM isoproterenol instead 
of, or in addition to the different peptides. Peptide antagonist activity was assessed by assaying 
adenylyl cyclase activity. In these assays, membranes were also used to determine the effect of 
various peptides on the ability of the p,AR to stimulate adenylyl cyclase activity described below. 

25 Recombinan t baculoviruses 

The recombinant baculoviruses encoding the c-myc or hemaglutinin (HA) tagged wUdtype human 
PjAR. the c-myc tagged human M2 muscarinic receptor and c-myc tagged Dl dopamine receptor (c- 
myc p jAR and HA-p,AR, c-myc M2-R. and c-ivyc Dl-R i«spectively) were constructed as described 
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(Mouillac. B.. et al.. J. Biol. Cem.. 267:21733-21737. 1992). Briefly. HA (Tyr-Pro-Tyr-Asp-Val- 
Pro-Asp-Tyr-Ala) and cmyc (Glu-Gln-Lys-Uu-Ilc-Ser-Glu-Glu-Asp-Uu) tags containing initiator 
methiomne residues were introduced into the receptor cDNAs immediately befon: their initiator 
methionines by subcloning the coiresponding double-stranded oligonucleotides. Cells were infected 
with recombinant baculovinises at multiplicities of infection ranging from 3-3. 



Sf9Cell CaiUut^ 



SS cells we« maintained at 27'C in serum-supplemented f 10% fetal bovi.,c serum (FBS) v/vj Grace's 
10 insect mediuti, (Gibco-BRL) with gentamycin and fungizone. Cells were grown either as monobye,, 
in T flasks or in suspension in spinner bottles supplemented with pluronic acid to prevent ceU taring 
due to agitation. Cells were infected at log phase at a density of 1 x 1 0* cells per ml for 48 h. 



IS 



20 



25 



Mammalian Cell Cultup f. 

CHW and LTK ceU lines with and without stably transfected P,AR were maintained as described 
(34). Cells were grown in Dulbecco's modified eagle medium (DMEM) supplemented with L- 
glutamate. 10% FBS. gentamycin and fungizone. Transfected CHW cells expressed -5 pmol 
receptor/mg protein while transfected LTK cells expressed 200 fmol receptor/mg protein. Stably 
transfected cell lines were grown in the presence of 150 ug/ml G418. 

For transient expression of V2 vasopressin receptors the foUowing procedures were foUowed. COS- 
7 cells were maintained in supplemented DMEM as described above. Genomic DNA for the V2 
vasopressin receptor was isolated from nephrogenic diabetes insipidus (NDI) patients or unaffected 
individuals, subcloned into a construct containing a c-myc epitope tag and ligated into a mammalian 
expression vector. pBC12BI (Cullen, B.R. Meth. EnzymoL. 152:684-704. 1987). Using DEAE- 
dextran, COS-7 cells were transiently xranskctsd with the expression vector encoding either wUdtype 
V2 vasopressin receptor, a truncation mutant O- 1 1 or with vector alone for 48 hours. 
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Mf mhrane Preparation 

Membranes wei« prepared as follows and washed. Sf9 or mammalian cells were washed twice with 
ice-cold PBS. The cells were then disrupted by homogenization with a polytron in 10 ml of ice-cokl 
5 buffer containing 5 mM Tris-HCI, pH 7.4. 2 mM EDTA (plus a protease inhibitor cocktail consisting 
of 5 mg/ml leupeptin, 10 mg/ml benzamidine and 5 mg/ml soybean trypsin inhibitor). Lysates were 
centriftigcd at 500 x ^ for 5 minutes at 4*C, the pellets homogenized xs before, spun again and the 
supematants were pooled. The supernatant was then centrifuged at 45,000 x g for 20 minutes and 
the pellets washed twice in the same buffer. In some cases receptors were then solubilized in 2% 
1 0 digitonin or 0.3% N-dodecyl-P-D-maltoside and purified by affinity chromatography on alprenolol- 
sepharose as or by imniunoprecipitation as described below. 

Affinity purification of p.,ARs 

15 Solubilized receptors were affinity purified by alprenolol-separose chromatography as described 
(Mouillac, B.. et aL, J. Biol. Genu, 267:21733-21737. 1992: Short, R.G.L., et aL, /. Biol. Chem., 
256:5820-5826, 1981). Tlw affinity purified preparations were concentrated using Centriprep and 
Centricon cartridges (Amicon) and the amount of pjAR in each sample was determined in soluble 
["^CYP radioligand binding assays as described (Mouillac. et aL, 1981, supra). Purified receptors 

20 were desalted on Sephadex G-50 columns prior to SDS-PAGE. 

Immunoprecipitation of p^ARs 

Tagged PjARs were immunoprecipitated with either a mouse anti-c-nrvc monoclonal antibody (9E10; 
25 Evan, G.I., et al., MoL Cell. BioL, 5:3610-3616, 1985) or a mouse anti-hemagglutinin monoclonal 
antibody (12CA5; Nimar, H.L., et al., Proc. NatL Acad. Set. USA, 80:4949-4953. 1983) as 
described previously (Mouillac. et aL, 1981, supra). Removal of digitonin and concentration of the 
solubilized receptor was performed by dialysis using Centriprep cartridges (Amicon) against an ice- 
cold solution (Buffer A) containing 100 mM NaCl, 10 mM Tris-HCI pH 7.4, 2 mM EDTA (plus 
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protease mhibitors described above) until the digitonin concentration was reduced below 0 05% 
Purified 9EI0 or 12CA5 antibody (1:1000 dilution) was added to the concentrate and cently agitated 
for2hou«at4'C. Anti-mouse IgG agarose (Signm; at an 11:1 5«condanr.o primary Ab mo Jratio) 
and protease inhibitor cocktaU were then added. The reaction was allowed to proceed overnioht at 
5 4'Cw,th gentle agitation. n« immunoprecipitate was centrifuged at 12.000 rpm in a microcentritbee 
for 10 minutes at 4X:. The pellet was washed th,^e times in buffer A and finally resuspended in 200 
ML of non-reducing SDS PACE loading bufter tor 30 minutes, sonicated and centrituaed at 1 ^ 000 
rpm. Tlte supernatant was then subjected to SDS PAGE and Western blotting as described below. 

10 Cross-linkiny "^ffiAPf 

Ten ml of Sf9 ceU suspension (2x10* cells/ml) were taken 48 hou« post- infection and either mock- 
treated with vehicle or treated with 1 mg of the membrane penneant photoactivatible cross-linking 
agent BASED (bis [p.(4 azidosalicylamindo) ethyl] disulphide; Pierce Chemicals) for 60 minutes at 
room temperature with gentle agitation. Membr^es weit: then prepared from cells as described 
above and resuspended in non-reducing SDS PAGE sample buffer. Gels were subsequently 
unmunoblotted as described below. 



15 



20 



25 



SDS-PAGE and Western hlot|f^f> 

Membrane preparations from Sf9 or mammalian cells or in some cases affmity-purified or 
immunopreclpitated were prepared for non-reducing SDS-PAGE on 10% slab eels as described 
prevfously (Laemmli. U.K.. Nature, 227:680-686. 1970). In the case of the V2 vasopressin receptors 
iieducing SDS-PAGE was performed. For Western blotting, gels were transferred to nitroceUulose 
and blotted with either the mouse anti-c-myc monoclonal antibody (9EI0). the anti-hemagglutinin 
monoclonal antibody (12CA5) at dilutions of 1:1000 or in the case of mammalian cells expressing the 
P,AR. a polyclonal rabbit anti-p,AR antiserum raised against a peptide from the C-terminal regfon 
of the p,AR at a dilution of 1:2000. Immunoblots against the anti-c-myc or anti-HA antibodies were 
revealed u.sing a goat anti-mouse alkaline phosphatase-coupled second antibody (GIBCO-BRL) or 
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a chcmiluminescent substrate for a horseradish peroxidase coupled second antibody (Renaissance, 
NEN Dupont). For the experiments performed using mammalian cells expressing the p 2 AR western 
blots were developed using a chemilumincsccnt substrate for goat anti-rabbit coupled horseradish 
peroxidase antisera (Sigma). To assess total immunorcactivity of the various receptor species, blots 
5 were scanned by laser densitometry (Pharmacia-LKB Ultrascan). 

Receptor Quantification and adenv lvl cyclase assay 

Receptor number was calculated from saturation binding experiments using V^^l] cyanopindolol 
10 (CYP) as the radioligand (Bouvier ct al., MoL Pharmacol 267:7-19, 1994). Briefly, 10 \iL of a 
membrane preparation in a total volume of 0.5 mL was labelled with 250 pmol of ['"I]-CYP which 
is at a near saturating concentration. Non-specific binding was defined using 10 fiL alprenolol. 

Adenylyl cyclase activity was assayed by the method of Salomon et aL, (AnaL Biochenu, 58:541-548, 
15 1974). Membranes were prepared and washed as described above. Again 10 uL of membranes (3-5 
ug of protein) were used in a total volume of 50 uL In some experiments, the peptides or the buffer 
used to solubilize them were added to the enzyme assay niix. Enzyme activities were determined in 
the presence of nM to 100 uM isoproterenol, 100 uM forskoUn or 10 mM NaF. Data were 
calculated as pmolcs cAMP pnxluccd/min/mg protein and were analyzed by least squares regression 
20 using SigmaPlot 4.17 (Jandel Scientific). 

Annlvjsi5S of results 

Immunoblotting of c-myc epitope tagged pjAR expressed in Sf9 cells with the anti-c-myc antibody 
25 consistently revealed the presence of molecular species corresponding to the anticipated monomeric 
receptor (43-50 kDa) in Sf9 cells (Mouillac, ct aL, 1981, supra) as well as higher molecular weight 
forms. In particular, a prominent band was detected at an apparent molecular weight corresponding 
to twice that of the monomer (85-95 kDa) suggesting the existence of an SDS-resistant dimeric 
species of the receptor. In some membrane preparations discrete bands which could represent even 
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higher order structures of the p ,AR can also be detected (Figure 1, lane 1). The dimcr. which was 
readily obsen^ed in membrane preparations, was also detected in digitonin-solubilized ttjceptors (lane 
2) and foDowing affinity purification of receptors on alprenolol-sepharose (lane 3). As shown in 
lanes 4 and 5. when whole cells expressing the p^AR were treated with the membrane permeant 
cross-linking agent BASED, the dimer to monomer ratio as assessed by immunobloiting was 
increased by two.fold. This suggesLs that the dimcr is already present before cell fhictionatitm and 
that crosslinking stabUfaes this form of the receptor, therefore, the dimeric species does not represent 
an artifact of membrane preparation or solubilization. Identical results were obtaijied when 
membranes were solubilized with 0.3% N-dodecyl-p-D-maltoside instead of digitonin (data not 
shown). 

In order to demonstrate that the higher molecular weight species observed in this study corresponded 
to a specific pjAR homodimer, we devised a differential co-immunoprecipitation strategy using c-myc 
and hemagglutinin (HA) epitope tagging. Human p,ARs bearing either of these tags were co- 
expressed in Sf9 cells. The receptors were then immunoprecipitated with the anti-HA or anti-c-wvc 
antibodies, subjected to SDS PAGE and blotted with one or the other antibody. In the results shown 
in Figure 2 the anti-HA mAb was used to blot receptors immunoprecipitated with either the anti-HA 
mAb or the anurc-njyc mAb. As seen in lane 2, blotting of the anti-HA immunoprecipitate revealed 
both the 45 kDa and the 90 kDa fonns of the receptor. The p,AR couW also be detected by the anti- 
HA mAb in the c-myc immunoprecipitate of co-expressed receptors but the dimer then represented 
the predominant form (lane 1). This indicates that the two molecular species (HA-tagged and c-mvc- 
taggcd pjARs) were co-immunoprecipitated as part of a complex which is stable in SDS. consistent 
with the higher molecular weight form being apyl/? homodimer. SimUar but complementary results 
are obtained when co-expressed receptors are immunoprecipitated with cither anti-c-myc or anti-HA 
antibodies and then immunoblotted with the anti-c-myc or anti-HA antibodies and then 
immunoblotted with the anti-c-myc antibody (data not shown). The specificity of the mAbs is 
illustrated by the absence of cross-reactivity in cells expressing one tagged receptor species only 
(Figure 2 lanes 3-6). The occurrence of intermolecular interactions appears to be receptor-specific. 
Indeed, although dimers of c-myc tagged M2 muscarinic receptor couM be detected in Sf9-derived 
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membranes expressing this receptor (data not shown and see Debburman, S.K.. ct al., Mol. 
PharmacoL 47:224-233, 1995) no co-immunoprecipitaiion with the HA-tagged P ,AR was detected 
when the two receptors were co-expressed (Figure 2, lanes 7.8). 

V2 vasopresxin recepto rs are also dimeric 

The vasopressin receptor Is critical for regulation of water retention in the kidney. Recently, several 
mutations of this receptor have been linked to congenital nephrogenic diabetes insipidus (NDl. 
Bichet. D.G., et a!.; Am J. Hum. Genet,, 55:278-286, 1994). In another approach to demonstrate 
GPCR dimer formation, transient expression of both wUdtype and a truncated form of the V2 
vasopressin receptor in COS-7 cells was studied. Both monomeric (appx. 64-69 kDa).and dimeric 
(appx. 120-135 kDa) forms of the wiWtype human V2 vasopressin receptor were detected when 
expressed in COS-7 cells (Figure 3, lane 1). A mutant form of the V2 receptor truncate^ in the C- 
terminal taU at residue 33y (Oil, isolated from a patient with congenital nephrogenic diabetes 
insipidus (Bichet, D.G. et aL, supra, 1994) was also capable of forming dimers when expressed in 
COS-7 cells (Figure 3, lane 2). Indeed, the Ol 1 V2 receptor was detected as approx. 55-58 kD and 
appx. 89-100 kDa species consistent with the idea that higher molecular weight form represents a 
homodimer. These results confirm by a different approach that G protein-coupled receptors can form 
SDS-resistant dimers when expressed in manunalian cells. 

K^nfltilatifin of B,AR dimeriration b v TM VI peptide 

As shown in Figure 4a the addition of the TM VI peptide subsuntiaUy reduced the amount of P jAR 
dimer detected in Sf9 membranes in a time-dependent fashion (Figure 4a, lanes 1-4). In this 
experiment the relative amount of receptor dimer was graduaUy reduced from 54% at time zero to 
17% after 30 minutes of treatment with TM VI peptide. When results of three such experiments 
were averaged, the TM VI peptide was found to reduce the relative amount of dimer by 69% after 
30 minutes (Figure 4b). A control hydrophobic peptide (from transmembrane domain VII from the 
D2 dopamine receptor) at maximal concentraUon had no effect on the relative amount of dimer 
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detected. (Figure 4b). This does not appear to result from a non-specific hydrophobic interaction 
since the unrelated dopamine receptor TM VII peptide was without effect. To address the 
imponance of the glycine and leucine residues identified above, a second control peptide 
corresponding to TM VI of the p,AR with Gly 276. Gly 280 and Leu 284 replaced by alanine 
residues (TM VI Ala) was synthesized. Although this peptide slightly decrca.sed the amount of dimer 
its effect was very modest compared Nvith that of the TM VI peptide (Rgure 4b) thus suggesting that 
tl«se three residues may be a part of the interlace between two receptor monomere. One mechanism 
which coukJ explain the effixn of theTM VI peptide is tliat it may interact with monomeric MR thus 
preventing it from interacting with a second receptor monomer. 

The effisct of the TM VI peptide on dimer formation was also detected using purified p,AR 
preparations and was shown to be dose-dependent. As seen in Figure 5a. increasing concentrations 
of thcTM VI peptide led to a gradual reduction in the amount of dimer. This was accompanied by 
a concomitant increase in the level of the monomer such that the proportion of the dimer decreased 
from a control level of 43.1 ± 4.3% to a final level of 12.6 ± 3.2% (Figure 5a. lanes 1 - 8; Figure 5b) 
The D2 receptor TM Vn control peptide had no effect on receptor dimerization (Figure 5a. compare 
lanes 9 and 1 0) similar to the results shown using membrane preparations (figure 4b). We also noted 
a modest but reproducible upward shift in the apparent molecular weight of the monomer resulting 
in a widening of the band as the concentration of peptide was increased (Figure 5b, inset). This 
suggests tfiat as proposed above the peptide forms a stable complex vyith the receptor monomer thus 
mimicking receptor-receptor interactions. 

Functional con.seQuenp es of receptor dimerization 

The functional significance for receptor dimerization is suggested by the inhibitory action of the TM 
VI peptide on receptor-stimulated adenylyl cyclase activity. As shown in Figure 6a, the addition of 
TM VI peptide to membrane preparations at a concentration of 0.15 pg/nl significantly reduced 
isoproterenol-stimulated adenylyl cyclase activity (p<0.05). In contrast, neither the peptide 
solubilization buffer (data not shown) nor control peptides (TM VI-AIa or TM VII of the D2 
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dopamine receptor) had significant effects on isoproterenol-stimulated adenylyl cyclase activity. 
The effect of the peptide was rtceptor-specitic as it had no effect on either NaF-mediated or 
forskolin-mediated adenylyl cyclase stimulation (Figure 6b). Notably, the Ugand-independent basal 
adenylyl cyclase activity was slightly inhibited by the TM VI peptide suggesting that it may ettect the 
5 spontaneous activity of the n^ceptor as well. Indeed, spontaneous .-eceptor activity is in large part 
responsible tor the licand-independent adenylyl cyclase activity observed in both SfV and mammahan 
cells expres.sine the P,AR (Chiciac, P.. ct al.. MoL Phannacol. 45:490-499. 1994). A receptor- 
dependent effect is also supported by the fact that the TM VI peptide was without effect on basal 
cyclase activity in Sf9 cells which were infected with the wildtype baculovirus (data not shown). 
10 Also consistent with a receptor-specific action of the peptide is the observation that Dl dopamme 
receptor-stimulated adenylyl cyclase activity was not significantly affected by the TM VI peptrie 
(Figure 60. AS was the case for the inhibition of dimenzation. the inhibitory action of.the TM VI 
peptide on receptor-mediated adenylyl cyclase activity was dose-dependent (Rgure 6c). It should 
be noted that the peptide IC« values for the inhibition of dimer formation are very similar (2.14 ± 
15 0 05 nM and 3.2 ± 0.04 pM. respectively) thus suggesting that receptor dimenzation may be an 
important step in p^-mediated signalling. Although our data suggest a role for dimerizatton m 
receptor aaivity. one cannot exclude the possibility that the effect of the TM VI peptide is not 
■ directly due to an effect on the monomer:dimer equUibrium. StiU, these results clearly show that this 
domain of the receptor is important in modubting P,AR signal transduction. Furthennore. the 
2 0 peptide represents a novel phannacological tool for the study of receptor acuvtty. 

The effect of TM VI peptide on adenylyl cyclase stimulation does not result from a loss of receptor 
sites as neither the affinity or the maximum number of binding sites for --I CYP were affected 
(K,=l 8 + 0.5 X KT" and B„ = 16.5 ± 2 pmol/mg protein for untreated membranes compaied w«h 
25 K,=4.2 ± 1.5 X KT- and B« = 21.3 ± 4.5 pmol/mg protein for TM VI peptide treated membranes. 
n=3 for both determinations). 

Pffi.rf nf the TM Vt PTririe on ^-p^p mnmmalian cells 
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In this study. p,AR dimers were observed in CHW r.u. , u, 
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neurokinin-2 receptor, the C5a anaphylaxoioxin receptor, glucagon receptor, the dopamine Dl 
receptor, D2 receptor, the 5HT,b receptor, the M2 muscarinic receptor and the M3 muscarinic 
receptor (see Hebert, T.E et aL, /. BioL Chem, accepted, 1996, and references therein). Thus, 
GPCR-pepiides and peptidomimetic compounds could be designed for these receptors that would 
5 function to as demonstrated in these examples to selectively prevent or disrupt the functional 
aggregation of these receptors, thereby attenuating receptor activity. 
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EXAMPLE in: PEPTIDE-LEADS FOR GPCRS 

Since GPCRs of the family A/rhodopsin related subfamUy share a number of features common to aU 
members of its class. One of these features is the presence of recurring patterns in their amino acid 
5 sequence. Each transmembrane domain (TM) can be characterized by a recurring pattern that is 
unique for that TM. The alignment of the TMs is therefore ba.scd on recurring patterns rather than 
on homology alone. For example, in a preferred embodiment such as presented herein, the patterns 
used were: 

10 TMI:GXXXNorGN 

TM2: LXXXDXXXXXXXP or LXXXDXXXXXXXXP 
TM3: SXXXLXXIXXDR or SXXXLXXI XXHR 

TM4: WXXXXXXXXP or WXXXXXXXXXP 
TMS: FXXPXXXXXXXY 
15 TM6:FXXCXXP 

TM7: LXXXXXXXDPXXY or LXXXXXXXNPXXY 

To identify a position within an alignment, rather than a position within a specific amino acid 
sequence, a "sequence identifier" is assigned to each position in the alignment. To obtain the 
2 0 "sequence identifier" for a particular residue (listed at the bottom of each column in the aUgnments). 
the "extended notation" convention is applied. This reads as follows: 
3 IThis is the TM identifier. 

2 IThe last two digits indicate the residue number relative to 
9 Ithe most conserved residue, which is number 50 by default. 

25 

This is the equivalent of, e.g., Rl 10(3.29) in the hP2U sequence, 8105(3.29) in the hATl A sequence, 
or Tl 14(3.29) in the hbeta3 sequence. A more comprehensive description of this convention can be 
found in: Ballesteros, J.; Weinstein, H.. Meth. Neuroscl, 1995, 25: 366-428. van Rhee, A.M.; 
Jacobson. K.A., Drug DeveL Res., 1996, 37: 1-38 (On-line as of February 28, 1995 and the last up- 
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date was performed on September 27. 1996). 
Thrombin human P25116 

5 TMl 102TLFVPSVYTGVFVVSLPLNIMAIVVFILKMK 132 
TM2 138 VVYMLHLATADVLFVSVLPFKISYYFSG 165 
TM3 176 RFVTAAJ^CNMYASILLMTVISIDR 200 
TM4 215TLGRASFTCLAIWALAIAGVyPLVLKE 241 
TM5 268 AYYFSAFSAVFFFVPLIISTVCYVSIIRC 296 
10 TM6 313FLSAAVFCiniCFGPTNVLLIAHYSFL 340 

TM7 347 EAAYFAYLLCVCySSISSCIDPUYYYASSECQ 379 

Human SHJIA X13556 

15 TMl 36 QVrrSLLLGTLIFCAVLGNACVVAAIA 62 
TM2 74 LIGSLAVTDLMVSVLVLPMAALYQV 98 
TM3 110 DLHALDVLCCTSSILHLCAIAL 132 
TM4 152 PRALISLTWUGFLISIPPILGWRTP 177 
TM5181 DHGYnYSTFGAFYIPLLLMLVLYGR216 

20 TM6 346 TLGIIMGTnLCWLPFHVALV 366 

TM7 378 TLLGAIINWLGYSNSLLNPVIYAYF 402 

Human Alpha Adrenergic Receptor Subtype 2A 

25 TMl 34 LTLVCLAGLLMLLTVFGNVLVIIAVF 59 
TM2 71 FLVSLASADILVATLVIPFSLANEVM 96 
TM3 107 CEIYLALDVLFCTSSIVHLCAISLDR 131 
TM4 150 IKAnrrCWVISAVISFPPLISIEKK 174 
TM5 193 QKWYVISCIGSFFAPCUMILVYV 217 
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TM6 375 VLAVVIGVFVVCWFPFFFTYTLTAVG 400 
TM7 407 LFKFFFWFGYCNSSLNPVIYTIFN 430 

Human Alpha Adrenergic Receptor subtype 2C 

5 

TMl 52 AGLAAVVGFLIVFTVVGNVLVVIAV 76 

TM2 89 FLVSLASADILVATLVMPFSLANELM 124 

TM3 135 GVYLALDVLFCTSSIVHLCAISLD 14« 

TM4 169 KATIVAVWLISAVISFPPLVSLY 191 

10 TM5 208 TWYILSSaCSFFAPCLIMGLVYA 231 

TM6 383 LAVVMGVFVLCWFPFFnYSLYGI 406 

TM7 420 FFFWIGYCNSSLNPVIYTVFN 440 

Human 03 Dopamine Receptor U25441 

15 

TMl 33 ALSYCALILAIVFGNGLLCMAVL 55 
TM2 68 LVVSLAVADLLVATLVMPWVVYLEVT 94 
TM3 105 VFVTLDVMMCTASILNLCAISI 127 
TM4 151 VALMITAVWVLAFAVSCPLLFGF 173 
20 TM5 187 PDFVIYSSVVSFYLPFGVTVLVYA 210 
TM6 331 MVAIVLGTHVCWLPFFLTHVLNT 354 
TM7 368 ATTWLGYVNSALNPVIYTTFNI 389 

. Histamine H2 liuman P2S021 

25 

TM 118 KITITVVLAVLIUTVAGNVVVCLAVGLNRR 48 
TM2 54 NCFTVSLATTDLLLGLLVLPFSAIYQLS 81 
TM3 92 NIYTSLDVMLCTASILNLFMISLDR 1 16 
TM4 131 TPVRVAISLVLIWVISITLSFLSIHLG 157 
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TM5 180EVYGLVDGLVTFYLPLLIMCITYYRIFKV 208 

TM6 234 VTLAAVMGAFIICWFPYFTAFVYRGLRG261 

TM7 264 AINEVLEAIVLWLGYANSALNPILYAALNRDFR 296 

5 Adenosine A I human P30542 

TMl 9QAAYIGIEVLIALVSVPGNVLVIWAVKVNQA 39 

TM2 45 FCFIVSLAVADVAVGALVIPLAILINIG 72 

TM3 81 LMVACPVLILTQSSILALLAIAVDR 105 

10 TM4 120TPRRAAVAIAGCWILSFVVGLTPMFGW 146 

TM5 178 EYMVYFNFFVWVLPPLLLMVUYLEVFYL 206 

TM6 234 KSLALILFLFALSWLPLHILNCITLFCP 261 

TM7 264HKPSILTYIAIFLTHGNSAMNPIVYAFRIQKFR 296 

15 Adenosine A2a human P29274 

TMl 6SSVYITVELAIAVLAILGNVLVCWAVWLNSN 36 

TM2 42 NYFVVSLAAADIAVGVLAIPFAITISTG 69 

TM3 78 LHACFVLVLTQSSIFSLLAIAIDR 102 

20 TM4 117 TGTRAKGIIAICWVLSFAIGLTPMLGW 143 

TM5 175 NYMVYFNFFACVLVPLLLMLGVYLRIFLA 203 

TM6 233 KSLAIIVGLFALCWLPLHIINCFTFPCP 260 

TM7 264 HAPLWLMYLAIVLSHTNSVVNPHYAYRIREFR 296 

25 Dopamine Receptor subtype 2 (long form) M29066 

TMl 38 LTLLIAVIVPGNVVCMAVS 60 
TM2 72 LIVSLAVADLLVATLVMPWVV 92 
TM3 109 IFVTLDVMMCTASILNLCAISI 130 
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TM4 152 VTVMISIVWVLSFTISCPLLFGL 174 
TM5 188PAFVVYSSIVSFYVPFIVTLLVYI 210 
TM6 373 QMLAIVLGVHICWLPFRTHILNI 397 
TM7 406 VLYSAFTWLGYVNSAVNPIIYTTF 429 

5 

CC CRl human P32246 

TMl 34 AQLLPPLYSLVFVIGLVGNILVVLVLVQYKR 64 
TM2 70 SIYLLNLAISDLLFLFTLPFWIDYKLKD 97 
10 TM3 107 KILSGFYYTGLYSEIFRILLTIDR 131 

TM4 146TVTFGVITSIIIWALAILASMPGLYFS 172 

TM5 197LFQALKLNLFGLVLPLLVMIICYTGnKI 225 

TM6 239 RLIFVIMIIFFLFWTPYNLTILISVFQD 266 

TM7 277 RHLDLAVQVTEVIAYTHCCVNPVIYAFVGERFR 309 

15 

Platelet Activating Factor human P2510S 

TM 1 115 YTLFPIVYSIIFVLG VIANGYVLWVFARLYP 45 

TM2 53 KIFMVNLTMADMLFLITLPLWIVYYQNQ 80 

20 TM3 91 NVAGCLFFINTYCSVAFLGVITYNR 115 

TM4 129 NTRKRGILSLVIWVAIVGAASYFLILD 155 

TM5 184VLIIHinVFSFFLVFLIILFCNLVIIRT212 

TM6 232 WMVCTVLAVniCFVPHHVVQLPWTLA 259 

TM7 269 QAIND AHQVTLCLLSTNCVLDPVI YCFLTKKFR 30 1 

25 

Beta3 Adrenergic Receptor human P13945 

TM 137 AALAGALLALAVLATVGGNLLVIVAIAWTPR 67 
TM2 73 NVFVTSLAAADLVMGLLVVPPAATLALT 100 
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TM3 111 ELWTSVDVLCVTASIETLCALAVDR 135 
TM4 150TKRCARTAVVLVWVVSAAVSFAPIMSQ 176 
TM5 202 MPYVLLSSSVSFYLPLLVMLFVYARVFVV 230 
TM6 292 CTLGLIMGTFTLCWLPFFLANVLRALGG 319 
TM7 322 LVPGPAFLALNWLGYANSAFNPLIYCRSPDFRS 354 

nV human LI 4751 

TMl 33 YVLLPVSYGVVCVLGLCLNAVGLYIFLCRLK 63 
TM2 69 TTYMFHLAVSDALYAASLPLLVYYYARG 96 
TM3 107 FCLVRFLFYTNLYCSILFLTCISVHR 131 
TM4 146 RARYARRVAGAVWVLVLACQAPVLYFV 172 

TM5 195 VAYSSVMLGLLFAVPFAVILVCYVLMARR 223 ; 

TM6 244 RTIAVVLAVFALCFLPFHVTRTLYYSFR 271 

TM7 281 NAINMAYKVTRPLASANSCLDPVLYFLAGQRLV313 

Chemokine CC CR5 

TMl 18 lAARLLPPLYSLVFIFGFVGNMLVILILI 57 
TM2 67 lYLLNLAISDLFFLLTVPFWAHYLAAQ 93 
TM3 103 LLTGLYHGFFSGIFHILLT 124 
TM4 142 TVTFGVVTSVITWVVAVFASLPGIIFTRSQ 170 
TM 193 FQTLKIVILGLVLPLLVMVICYSGILKTLLF 223 
TM6 234 LIFTIMIVYFLFWAPYNIVLLLNTFQ 259 
TM7 275 QAMQVTETLGMTHCCINPIIYAFV 298 

From the foregoing description, one skilled in the art can easily ascertain the essential characteristics 
of this invention, and without departing from the spirit and scope thereof, can make various changes 
and modifications of the invention to adapt it to various u.sages and conditions. Consequently, such 
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changes and modifications are properly, equitably, and "intended" to be. within the full range of 
equivalence of the following claims. 
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1. A peptide or peptide-lead modeled on a transmembrane domain of a G protein- 
coupled receptor characterized by a recurring pattern that is unique for that 
transmembrane domain, wherein said peptide or peptide-lead is characterized by the 
ability to selectively affect oligomerization or the G protein-coupled receptor from 
which it was designed 



2. A peptide, analog, fragment or derivative thereof which is characterized as being: 

(a) 15 - 30 amino acid residues in length; 

(b) significantly homologous to a transmembrane domain of a G protein-coupled 
receptor; 

(c) possessing the ability to alter the ratio of monomeric-to-multimeric G protein- 
coupled receptors of the parent G protein-coupled receptor and possibly closely 
related receptors; and 

(d) demonstrating the inability to significantly alter the ratio of monomeric-to- 
multimeric G protein-coupled receptors for other types of receptors. 

3. A pcptidomimetic compound modeled on a peptide, analog, fragment or derivative 
thereof which is characterized as being: 

(a) IS • 30 amino acid residues in length; 

(b) significantly homologous to a transmembrane domain of a G protein-coupled 
receptor, 

(c) possessing the ability to alter the ratio of monomeric-to-multimeric G protein- 
coupled receptors of the parent G protein-coupled receptor and possibly closely 
related receptors; and 

(d) demonstrating the inability to significantly alter the ratio of monomeric-to- 
multimeric G protein-coupled receptors for other types of receptors. 
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i. A composition comprising one or more compounds of claim I in a pharmaceutically 
acceptable carrier. 



A composition comprising one or more compounds of claim 2 in a pharmaceutically 
acceptable carrier. 

A composition comprising one or more compounds of claim 3 in a pharmaceutically 
acceptable carrier. 

A peptide or peptide-Iead modeled on a transmembrane domain of a G protein- 
coupled receptor characterized by a recurring pattern that is unique for that 
transmembrane domain, wherein said peptide or peptide-lead is characterized by the 
ability to selectively affect the ratio of monomer-to-multimer. 

A method for inhibiting Cj protein-coupled receptor mediated processes comprising 
administering a pharmaceutically effective amount of a composition according to 
claim 4 effective to modulate the activity of said G protein-coupled receptor binding 
its agonist or antagonist, and a pharmaceutically acceptable carrier. 

A method of identifying novel peptide modulators of G protein-coupled receptors 
comprising the steps: 

(a) identifying and defining the peptide-lead characterized by a recurring panem that 
is unique for that transmembrane domain, 

(b) testing the ability of the peptide-lead to significantly alter the ratio of monomeric- 
lo-multimeric G protein-coupled receptors of the parent G protein-coupled receptor 
and possibly closely related receptors; and 

(c) testing the inability of the peptide-lead to significantly alter the ratio of 
raonomeric-to-multimeric G protein-coupled receptors for other types of receptors. 
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1 0. A DNA sequence for a compound as in claim 1 . 

1 1 . A DNA sequence for a compound as in claim 2. 

12. An expression vector comprising the DNA sequence of claim 11. 

13. An expression vector comprising the DNA sequence of claim 1 2. 

1 4. A method of making a peptide that is significantly homologous to a transmembrane 
domain of a G protein-coupled receptor that selectively modulates the activity of a 
G protein-coupled receptor comprising the steps producing a biologically active 
peptide demonstrating the ability to selectively modulate G protein-coupled receptor 
activity comprising: 

a) constructing an expression vector containing a DNA sequence encoding the 
biologically active peptide; 

b) transforming a bacterial host cell with the vector; 

c) and culturing the transformed host cell such that the peptide is expressed; and 

d) recovering the biologically active peptide. 

15. A method of treating a living being with a peptide or peptidomimetic modulator of 
G protein-coupled receptor activity comprising the steps: 

a) preparing a compound comprising a peptide, fragment, analog or derivative of a 
transmembrane domain sequence of a protein-coupled receptor, said compound 
having the ability to alter the ratio of monomeric-to-multimeric G protein-coupled 
receptors of the parent G protein-coupled receptor and possibly closely related 
receptors and demonstrating the inability to significantly alter the ratio of 
monomeric-to-multimeric G protein-coupled receptors for other types of receptors; 

b) combining the synthetic peptide with a delivery vehicle; and 

c) administering to a living being a G protein-coupled receptor modulating amount 
of the agent. 
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16. A method for preventing or treating neurological disorders involving G protein- 
coupled receptors which comprises administering to a living being in need thereof 
an amount of the composition of claim 1 effective to prevent or treat said disorder. 

1 7. A method for preventing or treating genetic disorders involving G protein-coupled 
receptors which comprises administering to a living being in need thereof an amount 
of the composition of claim 1 effective to prevent or treat said disorder. 

1 8. A method for preventing or treating disease involving G protein-coupled receptors 
which comprises administering to a living being in need thereof an amount of the 
composition of claim 1 effective to prevent or treat said disease. 

19. A peptide or peptide-lead as in claim 1 that is GIIMGTFTLCWLPFFIVNIV. 

20. A peptide or peptide-lead as in claim 1 whose sequence is chosen from one or more 
of the transmembrane domain sequences: 

Thrombin human P25116 



TMl 102TLFVPSVYTGVFWSLPLNIMAIVVFILKMK 132 
TM2 138 WYMLHLATADVLFVSVLPFKISYYFSG 165 
TM3 176RFVTAAFYCNMYASILLMTVISIDR 200 
TM4 215 TLGRASFTCLAIWALAIAGVVPLVLKE 241 
TM5 268 AYYFSAFSAVFFFVPLnSTVCYVSIIRC 296 
TM6 313FLSAAVFCIFIICFGPTNVLLIAHYSFL 340 
TM7 347 EAAYFAYLLCVCVSSISSCIDPUYYYASSECQ 379 



Human 5HT1 A X13556 
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TMI 36 QVITSLLLGTLIFCAVLGNACWAAIA 62 
TM2 74 LIGSLAVTDLMVSVLVLPMAALYQV 98 
TM3 no DLFIALDVLCCTSSILHLCAIAL132 
TM4 152 PRALISLTWLIGFLISIPPILGWRTP 177 
TM5181 DHGyTIYSTFGAFYIPLLLMLVLYGR2l6 
TM6 346 TLGIIMGTFILCWLPFFIVALV 366 
TM7 378 TLLGAIINWLGYSNSLLNPVIYAYF 402 



Human Alpha Adrenergic Receptor Subtype 2A 

TMI 34 LTLVCLAGLLMLLTVFGNVLVIIAVF 59 
TM2 71 FLVSLASADILVATLVIPFSLANEVM 96 
TM3 107 CEIYLALDVLFCTSSrVHLCAISLDR 131 
TM4 150 IKAinTCWVISAVISFPPLISIEKK 174 
TM5 193 QKWYVISCIGSFFAPCLIMILVYV 217 
TM6 375 VLAWIGVFWCWFPFFFTYTLTAVG 400 
TM7 407 LFKFFFWFGYCNSSLNPVIYTIFN 430 



Human Alpha Adrenergic Receptor subtype 2C 

TMI 52 AGLAAWGFLIVFTWGNVLWIAV 76 
TM2 89 FLVSLASADILVATLVMPFSLANELM 124 
TM3 135 GVYLAL DVLFCTSSIV HLCAISLD 148 
TM4 169 KATIVAVWLISAVISFPPLVSLY 191 
TM5 208 TWYILSSCIGSFFAPCLIMGLVYA 231 
TM6 383 LAVVMGVFVLCWFPFFFIYSLYGI 406 
TM7 420 FFFWIGYCNSSLNPVIYTVFN440 
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Human D3 Dopamine Receptor 1)25441 

TMl 33 ALSYCALILAIVFGNGLLCMAVL 55 
TM2 68 LWSLAVADLLVATLVMPWWYLEVT 94 
TM3 105 VFVTLDVMMCTASILNLCAISI 127 
TM4 151 VALMITAVWVLAFAVSCPLLFGF 173 
TM5 187 PDFVIYSSWSFYLPFGVTVLVYA 210 
TM6 331 MVATVLGTFIVCWLPFFLTHVLNT 354 
TM7 368 ATTWLGYVNSALNPVIYTTFNI 389 



Histamine H2 human P2502] 

TM 118 KITITVVLAVLIIJTVAGNVVVCLAVGLNRR 48 

TM2 54NCFIVSLAITDLLLGLLVLPFSAIYQLS 81 

TM3 92NIYTSLDVMLCTASILNLFMISLDR116 

TM4 131 TPVRVAISLVLIWVISrrLSFLSIHLG 157 

TM5 180EVYGLVDGLVTFYLPLLIMCITYYRIFKV 208 

TM6 234 VTLAAVMGAFnCWFPYFTAFVYRGLRG 261 

TM7 264AINEVLEAIVLWLGYANSALNPILYAALNRDFR 296 

Adenosine Al human P30542 

TMl 9 QAAYIGIEVLIALVSVPGNVLVIWAVKVNQA 39 
TM2 45 FCFIVSLAVADVAVGALVIPLAILINIG 72 
TM3 81 LMVACPVLILTQSSILALLAIAVDR105 
TM4 120TPRRAAVAIAGCWILSFWGLTPMFGW 146 
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TM5 178 EYMVYFNFFVWVLPPLLLMVLIYLEVFYL 206 

TM6 234 KSLALILFLFALSWLPLHILNCITLFCP 261 

TM7 264 HKPSILTYIAIFLTHGNSAMNPIVYAFRIQKFR 296 



Adenosine A2a human P29274 

TMl 6 SSVYTTVELAIAVLAILGNVLVCWAVWLNSN 36 

TM2 42 NYFWSLAAADIAVGVLAIPFAITISTG 69 

TM3 78 LFIACFVLVLTQSSIFSLLAIAIDR 102 

TM4 117TGTRAKGIIAICWVLSFAIGLTPMLGW 143 

TM5 175 NYMVYFNFFACVLVPLLLMLGVYLRIFLA 203 

TM6 233 KSLAIIVGLFALCWLPLffllNCFTFFCP 260 

TM7 264 HAPLWLMYLAIVLSHTNSWNPFIYAYRIREFR 296 

Dopamine Receptor subtype 2 (long form) M29066 

TMl 38 LTLLIAVrVFGNVVCMAVS 60 
TM2 72 LIVSLAVADLLVATLVMPWW 92 
TM3 109 IFVTLDVN4MCTASILNLCAISI 130 
TM4 152 VTVMISIVWVLSFnSCPLLFGL 174 
TM5 188PAFVVYSSIVSFYVPFIVTLLVYI 210 
TM6 373 QMLAIVLGVFnCWLPFFITHILNl 397 
TM7 406 VLYSAFTWLGYVNSAVNPnYTTF 429 



CC CRl human P32246 

TMl 34 AQLLPPLYSLVFVIGLVGNILVVLVLVQYKR 64 
TM2 70 SIYLLNLAISDLLFLFTLPFWIDYKLKD 97 
TM3 107KILSGFYYTGLYSEIFFIILLTIDR 131 
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TM4 146 TVTFGVITSraWALAILASMPGLYFS 172 

TM5 197 LFQALKLhfLFGLVLPLLVMIICYTGIIKI 225 

TM6 239 RLIFVIMIIFFLFWTPYNLTILISVFQD 266 

TM7 277RHLDLAVQVTEVIAYTHCCVNPVIYAFVGERFR309 

Platelet Activating Factor human P2510S 

TMl 115 YTLFPIVYSIIFVLGVIANGYVLWVFAJILYP 45 

TM2 53 KIFMVNLTMADNiLFLITLPLWIVYYQNQ 80 

TM3 91 NVAGCLFFINTYCSVAFLGVITYNR115 

TM4 129 NTRKRGILSLVIWVAIVGAASYFLILD 155 

TM5 1 84 VLIIHIFIVFSFFLVFLnLFCNLVIIRT 2 12 

TM6 232 WMVCTVLAVFnCFVPffflVVQLPWTLA 259 

TM7 269QAINDAHQVTLCLLSTNCVLDPVIYCFLTKKFR30I 



Beta3 Adrenergic Receptor haman P13945 

TM 137 AALAGALLALAVLATVGGNLLVrVAIAWTPR 67 

TM2 73 NVFVTSLAAADLVMGLLWPPAATLALT 100 

TM3 111 ELWTSVDVLCVTASIETLCALAVDR 135 

TM4 150TKRCARTAVVLVWWSAAVSFAPIMSQ 176 

TM5 202 MPYVLLSSSVSFYLPLLVMLFVYARVFW 230 

TM6 292 CTLGLIMGTFTLCWLPFFLANVLRALGG 319 

TM7 322LVPGPAFLALNWLGYANSAFNPLIYCRSPDFRS 354 



P2U human L14751 
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TMl 33 YVLLPVSYGWCVLGLCLNAVGLYIFLCRLK 63 

TM2 69 TTYMFHLAVSDALYAASLPLLVYYYARG 96 

TM3 107 KLVRFLFYTNLYCSILFLTCISVHR 131 

TM4 1 46 RARYARRV AG A V WVLVLACQ APVLYFV 1 72 

TM5 195 VAYSSVMLGLLFAVPFAVILVCYVLMARR223 

TM6 244 RTIAWLAVFALCFLPFHVTRTLYYSFR 271 

TM7 281 NAINMAYKVTRPLASANSCLDPVLYFLAGQRLV313 



Chemokine CC CR5 

TMl 18 lAARLLPPLYSLVFIFGFVGNMLVILILI 57 

TM2 67 lYLLNLAISDLFFLLTVPFWAHYLAAQ 93 

TM3 103 LLTGLYHGFFSGIFFIILLT 124 

TM4 142 TVTFGVVTSVITWWAVFASLPGIIFTRSQ 170 

TM 193 FQTLKIVILGLVLPLLVMVICYSGILKTLLF 223 

TM6 234 LIFTIMIVYFLFWAPYNIVLLLNTFQ 259 

TM7 275 QAMQVTETLGMlHCCINPnYAFV298 
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Serotonin recqitors 

HTlb + + V 

HTlc + F + 

HTld + + I 

HTlc + + + 

HTlf + + I 

HT2 + F I 

HT7 + + V 

Thyroptropin receptor - - - 

. I) later and Iniennoleculttr Interactions in GPCR$ studJed using peptidd.^ or mini-genea 

Hawcs a al., <1994) JBC 269:15776 Lihibition of GPCR j(ignalling by expression of cytoplasmic 
domains of the receptor. 

Liittiiall ei al., (1993) Science 259:1453- same group, same subject 

Oicain&io et a!., (1991) Cell 67:723 Identification of a Gs activator region of the p2AR lha£ is 
autorpgulaied by PKA-dependent phosphorylation* 

Neubiy 6 group has done a lot of work using peptides to aUidy WO inieractioniv 
Taylor ec ai, (1996) JBC 271:3336 Receptor and membrane interaaion sites on op, 

Taylor and Neubig (1994) Cbllolar Slgnalliiig. 6:841 Peptides as probes for O protein signal 
transduction, 

Taylor ei al., (1994) JBC 269:18 Binding of an aloha 2 adrenergic receptor third IniraceWular loop 
peptide to O beta and the amino tenninus of G Upbtu 

Wade ct aL, (1994) Mol. Pharmacol. 45:1191 Mullisltc hitcractions of roceptors and O proteins: 
enhanced potency of dimcric receptor peptides in modifying G piutein functicn. 

Dalman and Neubig (1991) JBC 266:11025 Two pcpticte from the alpha iA-adrcnerfiic receptor 
alter receptor Q protein eoijpiing by distinct mcchamsma. 

2) Chimera and complementatioii sicdiei 

KobilkaB.R^etaL, (1988) Science 240:1310-1316 Chimeric 0c2-.p2-AR:dcUiicaUon of 
domaifis involved In cfG^ctor coupling and ligaiid binding specifieily. 

Monnoi, Cm et al.. (1996) J. Biol. Chem. 271:1507 Polar residues in the Uansnaebrane domains 
of type I angiotensin n receptor are requimd for hinding and coupling 

Maggio, et al (1993) Pax:. Nail. Acad. Set USA 90:3103 

Uu ct aL, (1995) JBC 270:19532 Mutational analysis of the njlativc orientation of uanamembrane 
heUoss I ami VH in GPCRs- these last two papers are from the Wcss group 

SeaJfon et al. (1995) JBC 270: 1 6683 Rchitcd contrihudon of specific helix 2 and 7 nastdues to 
conformadoiud scttvation at the scrotnm'n 5-HT^ leceptor. 

Zhou ei al, (1994) Mol. PharmacoL 4S: 165 A reciprocal mutadoa supporti helix 2 and helix 7 
proxirai^ in the gonadoorophiJi-teteasiAg hennone receptor. 

Mi/xSbc et al^ (1996) JBC 271:2387 AxrMgcmcot of transmembrane domains in admneisic 

receptors. 
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